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■ Tyis 'Vorutr'e contains the Physical Principles of 

* Astronomy, with their application to all the phenomena 
which arife from the mutual attraction of the bodies in 

- oui fyftem. The author has endeavoured to render this 
difficult fubjeCt eafy to be underftood, by fully explaining 

• alL the principles, and omitting no mateiial heps in the 
. inveitigations ; ‘he trulls therefore that what he has here 
* done may prove a confiderable help to Itudents in phylical 

Aftronomy, and tend to diffufe a moie general knowledge 
of that fubjeCt. The Tables and Catalogues of the fixed 

- Stars will be found very ufeful to the practical Aftronomer. 



X 



THE 


C O N T ENTS 


OF THE 


second volume: 






. *• CHAPTER XXXI. 

On' the general Principles of Centripetal Foices 

CHAP. XXXII. 

On the Theory of the Moon * 

■ . ' CHAP. XXXIII. 

On ike Figure of the fart A .... - ... * * 

CHAP. XXXIV. 

On the PreceJJion of the Equinoxes, and the Nutation of the Earth s Axis 

C H A P.’ XXXV. 

On the Dei f ties, Quantities of Matter , Light and Heat of the Planets 


PAGE. 

i 


22 


85 


113 


139 


‘ - G-H A P. XXXVI 

Oh tits Motion of the Planes of the Orbits of the Planets, from their mutual 

I4 - 6 

* " * ‘ CHAP. 


* m r 



vi CONTENTS OF THE SECOND VOUTME. 

* 

PAGE. 

CHAP. IXXVII. 

On the Effects produced on the Motions of the Planets ,>? ' Planes of their 

Orbits, from their mutual Attractions ... x 66 

* ^ f* 

-CHAP. XXXVIII. ' : - 

•* 

On the Tides .... ..." 213 

CHAP. XXXIX. . * ‘ . * ' ' 

• » 

On the Principles of'Projtftion-, and the Coiiftru&ion of geographical Maps * 22$ \ 

* 0 * • 

* 

C H A P. XL. 

0?/ the Ufe of Interpolations m AJlronomy ... 238 

'chap. xli. * ... 

• # 

* ^ * 

Z#f Hifory of AJlronomy . . 248 

* « 

* * 

* * * . 

TABLES 

FOR FACILITATING ASTRONOMICAL CALCULATIONS. 



TABLE I, 

* 

■FV converting Degrees , Minutes and Seconds into Time ~ -. 297 . • 

r 

TABLE II. 

Z' • „ , 

For converting Time into' Degrees , Minutes and Seconds , , . . . ' 297 • , 

» /* • 

TABLE III. ' 1 

P ecimal Parts of an Hour . *297 

TABLE 


1 t 


CONTENTS OF TIIE SECOND VOLUME. 


. , TA&LE IV. 

For finding t\e Length v > nitlar Atcs . . . 


T A B L E V 

% 

* 

* Sun's Fatcaltbx in Altitude . .... 

• . 3 

* 

m, + \ , 

“ ' . • ."* TABLE VI.' 

* The- mean'nght Afcenjion and North polar JJi/iaiues rf Thirty-fir principal 

Stars, Jerthe Beginning of the Tear 1790, with their annual Pi eceffioas 

r 

TABLE VII. 

O' 

Commons in Degrees of the rift Afcenfon of Thirty -one^ principal Stars, to 

r every Tenth Day of the Terr , ... 

. ' ' * , 

TAUE VIII. 

r Commons in Degrees of the right Afctp om Q j Thirty-one principal Stats , to 
every Tenth Degree of Longitude Moon's afcendmg Node . . 

r r 

T A B L E ix. 

'Cbweffliow in fidereal Time of the Tight dfcen^^ 0 jr Thirty-one principal 
Stars, fer every Tenth Day m the Tear . 

" * - 'table X. 

*1 

CamBiom in fidereal Time of the right Afcenfions of 1 r ty-two principal 
Stars, to every Tenth Degree of Long itude of the Moon f cen g tn g Node 

> TABLE XI 

The Correction of the Olliqinly of the Ecliptic for Days of the Tear . 



' - * " TABLE XII. 

r- r* ^ 

Eqt^tbn of the Obliquity of the Ecliptic . . 


PACE. 

297 


297 


298 


300 


3 02 


3°5 


3°7 


310 


" The 


• ‘311 


♦ 


*1 


TUI 


CONTENTS OF THE SECOND VO'lVME. - „* 

PAGE. 

TABLE XIII. 

The mean agronomical RefraBmis, to every Ten Minutes of apparent Zenith ^ 
Diftartces . . 317 

TABLE XIV. . ' r 

* 

Decimal Numbers for computing the CorreBions of the mean aflronomcal 

Ref reasons , depending on the Barometer and Tkermmf* . ^ . . ■ • ^3™ , 

0 * % % 

T^BLE XV. " ' . 

• • 

Alimentation of the Semi- diameter of the Moon * 3 zo 

* J 

TABLE XVI. 

Mean Precejion of the EfdmBud Points m Longitude, for complete Terns f f,zj _ 

TABLEAU. v . 

0 • 

Precejfon of the EqumBial Points in Lottie tv every Day of the Tear, - , ^ 

including the folar Equation of Pre<H im • * * ; * ; * * 3 

ta ^LE XVIII. 

The Equation of the Equinoxes iJy°H ltudt * < 7 ‘ ~ 

JD A B L E XIX. * * 

_ r .j at m nrht Jfcenfion in Time, fo$ every Day of the • 

The mean Motions of the r * 7 J ’ * 2 , 

Tear . . . f A * 

/ ? . • 

TABLE Xi. 5 '• 

' t ' • 

The mean Motio ' °f l J ie Sun ’ s n ^ li A f cen J ion m Tme > t0 HourS ™ dMnuies 

offidf T ™ ?* 7 \i 

/ TABLE XXL* * 7^1 ’ . 

i *> 

Equati/ °f^ e Egutnoxes m right Afcenfion, common to alj the Stars . « ( * 32 *^ * 

' . ,'fXBLE 

* <- 

•*» '» 


CONTENTS OF THE SECOND VOMTME, 


. PA.GE,| 

TABLE XXII. >- 

* * * 

Equation of the Equinoxes in right Afcenfion in Time, common to all the Stars 329 

4t 

V * * TABLE XXIII. 

: ' 

\Deviapom of Stars m North plat Difiances , common to all Stars having the 

fame ^ight Afcenfion 33 ° 

, \ ’ * , ; 

, , ’ ’ TABLE XXIV. ' , 

Time taken Ty Light to move 'over Parts of the Or bis Magnus , . . . 334. 

\ , TABLE XXV. 

, To find the/N onagefimal Degree of the Ecliptic, and it's Altitude , for the 
Latitude of Greenwich, reduced to the Earth's Center, fuppofed to be 
£ri if., f, and the Obliquity of the Ecliptic 23°. 28" ... . 335 

. , TABLE XXVI. 

Showing how much the N omgejimal Degree , and it's Altitude, are altered, 

by removing the Place one Degree to the North of Greenwich . . , 339 

TABLE XXVII. 

The Angle between the Ecliptic and parallel to the Equator, to the Obliquity of 
’■* the Ecliptic 2 3 0 . 28'j with the Variation for 10" Variation of the 

Obliquity 34° 


TABLE XXVIII. 

7 he Angle of Pofitior of any Point of the Ecliptic, to the Obliquity 23®, 28', 
with the Van lation for the Variation of the Obliquity by one Minute , 

'* anfzsieriug to any Degree of Longitude .......... 34* 

. \ ^ " 

p " ■ TABLE XXIX. 

* * 

The^Angle of Pofition , atifwemg to any Degree of right Afcenfion . . . 342 

VO*. IlJ - " b TABLE 


CONTENTS OF THE SECOtfD VOLUME. 

* FA<>*\ 

TABLE XXX. 

J'tomuwm of the Angle of Poftiou h the Ecliptn, for the Zoduunl Stan 343 ] 

TABLE XXXI. „ • 

'Epoch of the mean Longitude of the Moods a jc ending Node . * . *. . 344 

*. - 

TABLE XXXII. 

Mean rehograde Motion of the Moon's Node, for every Lay of the ffear «. * 345 

-- • • 

' * * 

TABLE XXXIII. " * : 

Decreafe of the Diameters of the Sun and Moon inclined /o the Horizon . . 34S 

TABLE XXXIV. 

For reducing Sidereal to mean* Solar Time . % .* \ . . 348* 

r ' * • 

TABLE XXXV. _ * * * ' • „ 

For converting mean Solar into Sidereal Time ’ . . " 349 • 

TABLE XXXVI 

The apparent femuhameter of the Sun, and it's hoi ary Motion . . . .350 

TABLE XXXVII. 

• • 

The Reduction if the Ecliptic to the Equator ^ $2 

V •' * 

TABLE XXXVIII. 

' • 

The Decimation of the Points of the Ecliptic 3 54 

• • 

TABLE XXXIX. „ - . 

The Equation of fecond Differences, for correcting the Equations of the ^planetary 
Motions . . . 336 

• . « - 

TABLE XL ” \ • ; . 

The Equation of fecond Differ me . , ufefrtl tn computing the Moon*! Pl(ice from * m " - 
the Nautical Ephemeru *262 

* . ’ * * 0 

* TAfi L E • * 

• ♦ 


0 


COHTfcNrS OF THE SFCOlfD TOETTME. 


VACT . 


TABLE XLI. 

. The Equation of fee end /Difference, ujeful for interpolating the Moon's Difiance 
from the <$W awl Stars, for every thud Hour between thoje computed at 
^Noon emcL.Mi 4 n;ohg, fo/ the Uje of the Nautical Eghemei is . . v 368 

* 

•* , TABLE XUI. 

'* '' 1 / Parts of a Defy etf . ..... . 4 .... 372 

•' * * . TABLE XLU1. 

* Egnatfons to% equal Altitudes . * , 

"* * •.!<*— , 

,*• TABLE XLTV. 

- Equations to equal Altitudes , where extreme Accuracy is not required . 


V ’ 

. \ \ ✓ 

mi- duti ml A/As 

‘ ' A 


A 


T 4 B L E XLV. > 


* « 


f~ - TABLE XL VI. 

I *' N * 'fthe Tyne anfwering to a Change of Altitude of one Degree at the Horizon 

* » TABLE XL VII 

. Tide Amplitudes of the -Jfifing and Setting of the heavenly Bodies . . . 


373 

389 

393 

409 

41Q 


— % TABLE XLVIII. 

" * To find the enlightened Part of tke^ Diameter of the Moon, or Venus . . ■ 413 

... f 

TABLE XLIX 

" -The Hour- Angle of Jupiter with the Meridian, when 8 ° high, for the Latitude 
jf (jreenwudi 

' , ' s • 

, * , TABLE L 

Tke Hour- Angle of the Sun , when- it's Dept ejji on is 8 ° helm t\ e Horizon, 

*. fir the Latitude^ of Greenwich . . ^ ^ 

« « # *•» 

’ • *. . 

. . TABLE LI. 


Logijhc LogpritlmS 


41 6t 



CONTESTS 0 ? THE &ECOS0 VOLVME. 

EAOr, 

THE Uft of the Tables . . . 434 

Dr. Bradley's Catalogue of 389 fixed Stars . . . 473 

M. TE la Caille’s Catalogue of 51 5 zodiacal Star s 403 

■ ii. . — -- Catalogue 0/307 principal Stars . . . - , 3x1' 

Zach’s Catalogue of 381 principal Stars , . , . . . - . 523 " 

© c 

- r- 

- Catalogue of the Declinations of i 6 z frtttctpql Stars . , . . V. 537 , 

<v *" * 

Mayer’s Catalogue 0/992 principal Jixed Stars ........ J47 ' 



* - A COMPLETE 


r 


i 






- } C/0 M P L E T E SYSTEM 

^ l;-v of • , 

~7~„ e c t y ^ _ 

T -R N> N O M Y. 


\ -'■» 


/ v 


■ .'• V / 






c 


V 

• v. _ 


4 


CHAPTER XXXI. 


ON THE GENERAL PRINCIPLES OF CENTRIPETAL FORCES. 


'N 


W 


Art. 805 



ody revolve about an immoveable center of force, and be 
conftantly attiadled to it, it will always move in th? fame plane, 
gnd defenbe .aieas about that center propoitional to the times. For let 

the center of force, .and fuppofe a body to be piojedted ar P Fig. 
'm the direction P§>j, and r take PQ = §^c, then by the fiift law of motion, l $7 

the body would move unjformljr in the direction P^c, and defcribe /’O, 6 >j 
rf in the fame time, if ndother fofce a&ed upon it But when the body comes 
** to Ictrasfoigle lmjmlfe a&-afc ? <S, fufficient to draw the body through QV in 
the time^ i£ zvouldfti ave defcnbed ®c, 01 did defcribe and complete the 
paiallelograna V^C, and the body, in the Jame time, will defcribe QC , there- 
fore P §IC aie defcnbed in the Janie lime. Now by Euclid, B. 1. p 37, 
the triangle* SC^j=Sc^_, and by B. 1. p 38, Sc^=SP^, theiefote SC^= 

*SPJL, or eqCial a*eas are defcnbed in equal times F01 the fame reafon, if a 
fuigle ftnpulfe aft at C, D, E* £s>c. at equal intei vals of time, then SC§>j=SCD 
•s^ = $ED = &<* *Now as this is true whatevei be thele equal intervals, let them 
■V be*diminifhea fine hnute, and the limit gives a force which arts conflantly; 
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ON THE GENERAL PRINCIPLES OF CENTRIPETAL FORCES? 

ajp as the reafomng refpeding the equal defcnption of areas in equal tm*s 

Jloldb tiue up to the limit (as no point can be affirmed before it comes to the 

limit when it is not true), it muft be tiue in the limit, hence? when the force 

ads constantly, ^qual aieas will be defcnbed in equal times (2^19, 641), and 

the body will defcube a curve about h. And as no force ads ovt ^ of the. plaTic 

of SPQjf thsrwtfole curve muft lie in that plane. ' 

806. Draw S/"perpenthculai to §>P produced, then the are? * 

area SPSJ . ' ,, ' 
as — butj’ 1 ^ 


SV, which varies 'as P§>»x ST, theiefore PQ vanes 


; v 


Fig. 

188. 


• \ * • ■ 

vines as ihe velocity V, when the time is given, hence, V vviiesas.^ ^|^> j ! • ' 
s ^ ST m 

Now in that curve which is the limit ^F^CDE Ue becomes a**v^ 
perpendicular to a tangent to the curve * Hence, V '"vj.1 V* \ A v- 
area SP© def in a given tune , , ' ' ’ \ , 

perpendicular on the tan " 3 '? Ut ln the f ame cur ^he area SP^ * s 

given (805) when the time is given, theiefore in the Janie curwvP’ vanes fas ' / 

I f ^ I J 

confidenng ST as a perpendiculai on a^angenifto that point of tqe ctuvc ' 

where the body is ’V .j: •- 

807. If equal areas be defcnbed about S in equal tunes, the foice muft teM 1 
to For let SPgj=SQC, now SP$=SQc, theiefore S%C=S$f, lien&T* '* 
by Euclid, B. 1. p 39, Cc is parallel to gS, therefore ^cCV is a paralWe* V 
now, by iuppofition, the body defaibes §l€ in confequence of the 

1 . 111 f /. i . — . ~ _ _ JL. 


N 


gram 

impulfe at Sj, and it would have defcnbed c if no impulfe had there- 

fore QV muft reprefent that motion impidled at , w h ldrr'Tn^ij u nd ion 
with the morion %, can make the body deferibe £>C, and QV is dneded 
to S. 

• * 

808. Draw §>v parallel to zCxPw in it’s limiting ftate. Now (Newt^^"* 
Pun Book I Sed. 1 Lem. 10. Cor.) Qjr being tilt fpacc defcnbed in a givdv 
time by the impulfe of the force ading at ^Jthe lqjuting ratio of Qf nvonp. 
point of the curve to QV m another, will exprek the TatVof the forces 111 thefe 
two points, but $F=2$jc = 2Cv, hence, thd 4 «nrting \atio of^to flvin v " 
tvvo points will expiefs the ratio of the forces. JSTow by\makirfg P and C 
appioach to ^ as their limit, they will amve at at the fapicT time* becaufc 
Of are defcnbed m the fame time; but when P and C arrive at the 
line zw ceafes to cut tfie curve, and only touches it at and ‘therefore it 
becomes a tangent , confequently Qv (which is the. ultimate diredion 0 
is a tangent to the curve at ^ Hence, to find the proportion^ the foftes * 
any two points P, p, of a curve, draw the tangents P)C, p^c, # to . tRoffe > 
points, take two arcs P^, pq defcnbed in the fame time, and draw paiaflel 
* s . to 
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1 

to PS, and qr parallel to pS l then diminiih this tune, and confequeiitly j/he 
arcs PQ, pq, and make them vamfh, and that ratio to which PljL. pq appio.^1 
as then limit, l^the latio of the foices at P and p. 

3o< l J f th<} areas be decelerated, the force tends in loiijhqunitia , foi if SQJS 
be greater tflian SQP or SQc, then C muft fall above a line duwn fiom c pa- 
lallel to QJr, hence, the other fide §f r , of the paullelogi.'®i- i ^^ ii > v niuft. fall 
alws §f, ^md, therefoie if §F be produced, it mufttfall alotn ? e, lienee's muft 
La? ^ *moved hp into that line, or the lame way the body has moved, be^aufe 
tjie motion ^Z 7 " ariles fiom the force at S, and therefore o muft have been in 
.the line the fame reafon, if the areas be retarded? the force tends in 

. antecedmtia'f iox jthen, as SgC is lefs than SP^or 5 %, C muft fall Mop a Bne 
.dritn fW^ pwallel to^ST Wce V will fall below\S, and therefoie gV 
Vnfoddced will fall beloS S , confequently S muft have moved in a dueftion 
ineolurary to the motion of the body. \ 

\ 8io D^Fj_ jKhe cucle PAR touch Ae cuive WPZ at P, and RQT be 
. Irawn, m?£ing any finite angle with the tangent PF, then if RQT move up 

, „t \P, dfa the limiting-ratio of R§L' RT b> a ratio of equality, that circle is 

***** t caMsSff a circle of curvature to thdeurve at P. 

PF be a choid. of that circle palling through the center of foice S , 
* Jt //ciravv ST perpendicular to the tangent, and R^T paiallel to PR, and join TP, 
.. *‘TV , then, by- 4 je Definition, the limit of RT « a ratio of equality. 
^ the angle RTP = t he alternate angle TPV, and the angle TPR between 

thesQhoid and tangent = the angle PVT in the alternate fegment, therefore the 




trian 




‘VP are fimilar ; henoeyPP : PT PT TR = 


when the time is given, TR becomes ultimately propoinopwJ to the foice 
,.(808)*, alfo (Newt Pirn Lem. 7. Lib 1 Se& 1 ) the limit of the choid PT 
/tbxthe aic PT is aiatio of .equality, but as the time is given, the arc PT is 

*• ' 1 

ultimately piopoitionalflro tide velocity V , hence, the force varies as ~py> 

• Ir^the fame curvejf8o6) V vanes as ^p, hence, the foice varies as • 

Now th& btyftg^proved true for the cucle, it muft be true for the curve, as the 
limit of the fagjttas R§^, RT is (810) a ratio of equality, and the limit of the 
two arcs is alfo a ratio of equality, as follows from Newton’s Prin Lib. 1. 
Lem 7 *Seft 1 Hence, in different parts of the fame curve, the force vanes 

► •' . I • 

4* • I * •• 


pr a 

JPV 


now 




Fig. 

187. 


Fig. 

189. 
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* ‘812*. M- cry, varies as the force F in general, theicfoic V varies as FxPV-, 

9 !* r • 

' * a z that 


* m 


1 ♦ 


V 


Fio 

190. 


0>| 1 Hli Ci StJ! U PRtisCirr ES OF O fit? TR.1 iyt 1 AE FORCES.* 
tfilt is, the virlcx itv m the Cine 01 diffeient ctu\e& \anes in the lubduplicatc 


tio ot the toice and choid of cuivntuie conjointly. 

8 13. To find the foice tending to the focus 5 of an elltpfc J Let P 6e the 
place of the body, IT the othei ioctis, AC , BC ihe lenn-axis major and minor, 
ST, HZ, perpendiculars to a tangent at P , and DC paiallcl to ,<me tangent 


Put fine of^hc angle SF 2 r 01 HPZ, radius bung unity, tfipn , 

1 . s A )P 


am 


1 A-- 


IIZ 


HP’ 


bends, 


ST y HZ 

'S’FTHp ~ ( as> ^ Comes, S 2 X f^S-=BC*‘, and 


/ 


r D p a 

SP y HP r CD') 




CD : 


but = ^ 


sr* 


tbciefoie 


st* BC~ 


SP 1 x PC 1 


~ cIt* ^- ea ^’ si - 


zCZ- 


CD' 


alfo, by Comes, the cho*£~Sj cm vatur&= , , 

CD * JC , v x ' v ' 


the foice tending to *S varies as 


-gjy, which paries as — , /iC* 


^F'kBC 1 

and BC being conftant. The fame proof holds foi the liy fefb^la If tlilt 
curve be a parabola, ST * vanes Us SP , alfo the chouPof nirvana e = $£P, acd 


V*’ 

therefoie it vanes as SP, hence, the force tending to the focus vaucs as . 

— .-""H 

The foice theiefore tending to the focus of eveiy conic fe&ian vanes invetfe /% 
a\ the fauate of the di(la,u.e. > * 


a\ the J quote oj the difiaate, 

c*. ^ 

814 Diavv perpendicular to SP, then by limilai triangles, ©7 


■ 

V 


sr 

HI 

SR 


SP* 

gpf 

SR 


lienee, 


(fiom the equation in the lift Article) BC 

2BC 1 * 7 o \ *1 , 1 r ^ y* S.P 

but (81 1 ) the chord of curvature = 


and it alfo 


aBC 1 * , • _• T 

~jq~ — t ‘ ie fttus reftum Ly 


~ AC ' XC ’ 

iCD' 0 

~jfQ- b y Comes ; hence, ‘^-g- 

This is foi the elhpfe and hyperbola. Now if t|ie rqajor axis of the elliple be 

increafed fine limte , it approaches the parabola as ifshmit, and as all the . . 

above reafoning holds up to the limit, it muft be tr&e, for the paiabola. 

&T 1 *4 i 

Hence, in every conic fe&ion L = , when the force tefk|s focus. 

815 Hence, if the force vary mveifely as the fquare of tlje"diftance, the 
body muft defcribe a conic fedhon having the center of force in it’s focus. 
For let SP , the angle SPTft he velocity and foice be given , then 52 ^is given., 
alfo as the force is given, QR is given (808) when the iime'is giterf, aad*^ 
time being given, the fpace PS. defertbed with tRe given velocity is givtbn ; ' 


hence Hf is given, therefore is given j make =L the lji|us leftur^ * 


SR 


of 

• * 
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of a conic l^dion, thefe quxntitigs having been pioved (814) to be equil tfi 
V ? H the conic fictions. But if we know SP, ST and L, we bate data luffiueOT* 
1 vo dciciibc a coni!^*feiftion , theiefore the body may 1 evolve in the come lection 

<t, n 1 il ii d,wuh thefe data, and if it may, it m ufi, as a body cannot, with all 
' h f the Uuftcjjotal de.fcnbe two different cuues. ^ 

816? Take PQ indefinitely fmall, then the aiea &PQ vanes as 
* liCn^e, £P§£ varies as i^T* x SP\ 01 (814) as L x x SP , but (the ti^ne 
being giv^i) QR Varies (808) as the foice, and about the fame common center 

»* i the ^oice varies as hence, QR varies as -$pi > therefeie QRx SP is 

f V i\mven, SP^f varies a? L in different conic 

fame common focus — Shout different foci, wheie the abfolute 


J^J<?CtpIlS^ lUU13TrLUC JWr** CUM^UUVJU CUCUJ J 

ffe/arc different, fffA = the abfolute fore* then the force 

• ^ A V 

theWoie ^^vaues as ^pi, hence, SPffff vaiii 


varies as 


SP 


a * 




jes as A x L. 

V 

8 (812) V varies as </ force x ch. curv therefore at the fame diftance 

thrfo»cSfeffl& the fame, we have the velocity (F) m the conic feftion at P : 

■v elocity (v) irT > a > C^ lg aj the fame diftance : y/ ~~jq~ * v^^P (in the 

dhpfcV^hyperbola) •* \/^P : s/HP * v^- I» the 

(e. HP^l/T I 


, eUi pje } HP^J Tr^T^itenesJ^ %^SP^/AC, which is always 

lefs than s/2, 1. If the major axis of the ellipfeDe^THti eafed-yfe*? Imnte, the 

^pUmfe approaches to the parabola as it’s limit, and the above jat 10 approaches 
- 1 as *i t>s bmii , hence, in a parabola , V v y/ 2 . • 1 (645). In 

&& hyperbola, HP = 2 AC /P , hence, V : v / 2A C y- SP s/AC, which 

. is always greater than s/irt 1 . At the mean diftance in the ellipfe, SP-AC, 

. hencr V =v at that poiryt. / 

, . , X. * 

. 818 L 4 MX the major.axis of an ellipfe, N =the minor, P = the periodic 

time aioout «the fjpeus, tn = the whole area, n = the area SPff defenbed in a 
^iven time, then m — nx the number of thefe areas, but the number of thefe 
. areas muft vaiy as P, becaufe equal areas aie deferred in equal times, and 
*fcha»sf®ie the*£Pbater *P ls^Jtlxe greater will be the number of aieas in proportion; 

^ teace’ m va^s as nxP; therefore P varies as ~ . Now by the property of the 
• ; • ellipfe, 

r ’ •• 


* 

*v 
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N l 


/dlipfe, m vatles as M x N, and L = — , therefore (816) n varies as 


Mi 


N x A \ 
Mi 


confcquenily P vanes as . Hence, m different elhpTes about the fame 

common focus, J 3 varies as Mi. This law was difcovered by K*et4EH.(/i 8). 
ellipfe become a circle, ibf becomes the diameter, which vanes ds the 

' # m 

radius R , therefore m different ciicles about different centeis, ’P varies ws 


RJ. ' 

, *Al * 

and about the fame center, P varies as Ri. 

819 * If, by the fame law of force, bodies revolve in different ufrcle^.S.bojIt 

different centeis, and A- the abfolute us, then the Tor ce- 

A “ ^ • » * 

vanes as , therefoie (812) •/ varies as >J~X2R, or as fff , . \Hcjr 

- V 

about the fame common centei, / varies as — ^s***''” , 

} Rs \. i 

820. The angle gSP vanes as ^ , bu^i^ vanes as efoie 

3.1 Cel SPQ ^ 

the angle QSP varies as — ——aS>. Hence, in the fame orbrr^-cT-e angular 

velocity varies inverfely as the fquaie of the diftance, tlje^Tea. frellig 
conftant (805) when the time is given, let the oibitdrivhat it will. - _ - s'* 

821 By Art . 817. we have, in the ellipfe, V . v • s/ HP : A 'fy/jner u &, 

V =■ v x fjjji 5 now Jhiwj^Xue^naS^ h e j x rrrs*-tmg^&he ellipfe j 

if therefore wc dimimlh the minor axis and make it vamth, the body will move 

in a right line, and as all the reafoning holds true up to thaE limit, it mull'”" 

be tiue in the limit. . * * * 

\ \ ' ** 
822. Hence, draw Pp peipendiculai to\AM, and make the minor axis -of 

the ellipfe vafiilh, then 8 coincides with A , H with of?', P with p, HP becomes, 

Mp, and the body defeends in a right line to p fionr ceft at MHience, (821) 

^/ f f)M <• 

V (the velocity acquired from M to ff) = v x ~ , but (819)" v varies as ’ 

~7T f ’ let * = VT P ' r and r= flftm ’ that 1S ’ , the v ' loc “ y _ 

in falling from a ftate of reft, is equal to a certain conftarit (p^antity a mul- 
tiplied into the fquaie root of the fpace defenbed divided the fquare foot 
of the fpace to be defenbed multiplied into half the whole fpaceV' . 

•. • £23. Produce - 


V 


V 

\ 


Oil the general principles of centripetal forces. 

823. Pioduce SP to L, and take PL—PPI, then (S22) the velocity (m)i 


e k /PL 


a <y PH 


\ 


* a tx* X to 


alfo let n— 


^.1. t]re circle at P, and p = the velocity in the ellipfe, then 

m • 0 :• 1 : '/PH s/AC, alfo 'X 

\z • j 

,« T p_ ■M/gg J _i/gg (817) r 

**p J s/AC x s/JPH s/THx s/IC , hence, m=p, • # 


ls^^^^y^ovolvin^nn an elUpfty“T¥mft fall externally thvough a (pace 
the diftance of^the body Ironi the oilier focus, to acquire the velocity 
/* mVieellipf 

j * ‘ SI2.4 Let P&f^lPV, then a body, with ?be foice at P continued conjlant , jr IG __ 
mu\ fell d 5 wn PL to acquir e the velocity hj the curve. For let m = the 189. 
velocny^down Rg^ with thelofCo at P, n = the velocity down PL by the fame 
> ' * foice,* jitthe velocity in the cuive Pg^, then in the time Rg^ is defcnbcd by 
a fellS^WT defcribed m the cuive, and the velocity through is 

"~imy ’b/Lec§£!tea) - xeprefented by zRg> , hence m . p •• zR^ : Pg^, therefore 




m- p* ' Pg£> 

Alfo m * . n % .. RQ . PL , by Mechanics; 


* but.»=p, thercfoie PL = (8 1 1) l PV. 

'r'""' v, 8 aj*. IfTtie curve bs a cneky and the foice be in the center, then PL = 
lialS v the radius. Hence, a* (8iyj the velocity in an ellipfe at the mean dif> 
tatice>= the velocity.in a ci me, a body at that point of an ellipfe mull fall down 
__ 'half the diftance to acquire the Velocity in the ellipfe, the foice lemainmg 
j • conftltir" 

8a6.^L^ P^Tof th£ chord of curvature at the point P of an ellipfe; 
Jihen (by Colics) *PE 

\ 


* 

(. 


2. AC' 
SP 7 


Now CZ> 4 = 5 P x PH— SP x zAC— SP — 


zAC x SP-CD % 


„jl.. ox- zxx o x or- 

. uc 

• * • • * 

W ^ j ^ ^ /"I TV A 


, alfo SE—SP- PE = SP 


SP 1 SP 2 


. ,kGD* zlCLx SP-€D % qv _ _ , pr 

Jib He ’ theiefore SE - 2 JC - SL ’ hence ’ SE x SL 

= SP\ /• * 

* • • . 827. When 


• • 


/ 


l' in 

1 9i 


Fig. 
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/ 827. W hen a body resolves about a centev of force, that part of it’s motion 
'' llc ^ 1S l xl P t;n dicuki lo 1 he radius vedtor gives the body a tendency t£> leoedf ' 
trom die centei, and the foice with which the body thus *eceaes is called *a 
cehtufuool force Let S be the center of foice, PK the curve Mefbdaed, PT a . 
tangent to it, ,9 Y pctpendicular to PT, and an ind<fini{elyjhfall-aic , • 
perpendicular to SP, and with the center 5 defence the circular arc ' 
Qjf, and let RQ be parallel to SP , and P V be the chord* of "the citde^of 
curvature Let Pp^ repicfent the motion of the body in the curve, in a ^lven# 
t'tne, then Pw mpiefents that pait of the motion which 1^ towards *the center^ 

.and by. which alone the hndv wnn lip a *1,*. of the«given timc^ n 1 ^ '''' 

„ is found atTf-sreLd 
of the fame time at the diftance S ^ ns.Ar'', the pemenoiciTtet^jojj^uztf^ has ' S 
theiefoie made the body recede Atom 5 through aSpace equal to ww^Twhij^/< 
theiefoie reprefents the c eni r if tig a/' for ce Alio the centripetal force is repreffciV ,0 


(808) by g)R. Now wx 


= |S ultimatel y 5 but vanes i ' ? 

Em ..err sue ^ 4 ,,. * 


\anes as 


tlieiefore zvv varies as a l ea winch 

2X'S 3 

Hence, in the fame cune, the centrifugal force vaiies as \ 

defenbed m a given time being given (805). AntLio^^Tcuni s, ifth fT 
diftance be the fame, the centnfugal forces are as the fquares of tSe**ateas 
defcribed in a given time. , m /*‘ 


/ 




828 


xw (b cc Su fc - ( 8i 


Hence, the centripetal, 

PV 


SP- 


jtuive the. 


and £§! 

a^iS zPS J PV 

opz r/y~z * 

: Sr\yy — zSP'+JLT* * PK 


mtiifugafforce • QR 

zPS 


(as by fim tria . QP 1 §>x* __ . „„ , __ ,, „ 

' J ^ ^ * ' PV ^zSp — x-rr*y — 

829 Let the cuive be an ellipfe whofe major axw is 2 a, and the excentr/fcity 

— Tb, and the body be at the greateft diftance from the cento of foice, wHich*i^ 

r. J. ^ . .1 r , . f ' . 7 J 



r 


fuppofed to be in the focus, then the centripetal force 

T pi? a 2 -zri 1 ^ 

a PK a + w a • a — w. 

a . » 

8^o If the ratio of a+mx b -j-tiv be conftant, x only bting ■yr/able, ther 
a b . m v. F01 if o, the utio becomes a - b$ hence, a + mp . b + nx 
a b, therefore (alteinando and dividendo) mx a * *nx h, .consequently* 

a b • m .11 # * * * * * • . 

831. Let VPA be an ellipfe whofe focus is S, and*centei C* cj.in#v(J> . 
conftruded, that Sp may be always equal to SP, and the angle $Sp to PSi^ in?* ' 
a given ratio G F, then the aieas VS p, VSP will be in'ethe faim'^iven latio. 

• • New 


i 


s. 
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\ Now let a body revolve from Fto P about the center of force S, in the lame 

N time in which another body levolves from V to p. Then as the aiea FSP vanA 
(is> FSf, and Hlot;) the aiea FSP vanes as the time, the area FSp vanes as the 


|jis PSj% and Hi oc) the aiea FSP vanes as the time, the area FSp vanes as the 
time, confecwieipy the body defenbing Vp is (807) urged by a force tending 


to is. JLetlsrB e the choid of cuivature. Now (827) the centnfugal foices oi 

V V, # m i r* Qt pr 

\ thft.lwp bocyes are as (?* : F\ 01 as .* let them therefore be kjjmo* 
\ /\/ * . uP 3 v 

. » fenfed by thefe quantities ; hence, the difference of the c®ntrifugal forces is ~ ? 7)T , -. 

"> . \ _ . . r 
v * X^Now if p" recede from the center by a centrifugal foice which is greater 

t ■jv by^^^jy^tha n that J j jr . i e h-P recedes, it is niamfeltchat p muft be *a£ted 

^uponcf^N^ntnpetal fpste which lT’gi^Ster by the fame quantity, in older 
v 'twrigffroy it, fo that the bodies may keep 'At the fame diltance. Now (828) 


* x (the centrifugal foitoe in the ellipfe at P) : &" • 

. u/r \ SI * X JrV 


v * theVentripetal foice m ih e^lli pfe at P 9 hence, the force in the oibit VW x t p 

. * . _ \^ x . G*-F a ACxRxSP 4 J „ 2CX>* 

^ v ' — STf ^y^ ' TpT-> But ST - cpi > and Pv = ~Jq~> 

• _ ^ us redtum, and CD the femi-conjugate diameter to PC; 

Lk.- » and at p=^~ + therefore 




of thefe forces is 


852. If tho orbifPT^ 


RG*-RF* 


SP * ' SB* 


ry near to a circl^tii 


«** g + j^ 


J "‘"'“may be tn 

I 

•„ RG* — 


Inaderto vaiy \eiy nearly as any power of SP, or as SP rp ~ 3 . For 


<r ^ jpF— : :: f a x SP+RG'-RF* : SP» :: (puttrng 5 T- «» 

(sp, where?' is the greatyft drffcance, and negledting all the tei ms where the 


— ‘powfrsjif # enter ab ovftahejy ft, as being very fmall when compared with the 
reft) F* x : c t n — nT a ~‘ I x ; now (830) this ratio will be 

conftadCifjve affurae the conftant terms on each fide in the fame ratio to 
leach othewai the coefficients of the vauable terms, but if the ratio of the two 
Uaft, quantities be conftant, the ratio of the two fiifbmuft be very ncaily fo, 
* ^wc have ooljrncgffc&ed. terms which are veiy fmall rn lefpecc to tLofis vvlttch 
* retained * affume theiefwe F'Sf+RG 1 - RF i : T' as — F 5 .v : - *i’£ r - l x 
and the ratio of the two fiifi. teims above oecomes very nearly 
' ol. ft.. • B conftant j 


I 


so 
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^onftantj but as R and T are very nearly equals the proportion becomes G* : F* 

Jp 

:: i : «, very neaily, hence G = Now the two bodies 4 t P, « being ^ 

\r ft { ^ e 

always at the fame diflance from S, mu ft come to an 


-r - » ^ 

apfide atjM^ame time; 
i F= 1 8|>®^heyctf, < G = 


bat the body m the ellipfe comes to an apfide when 

l8d? * f '• 

'~rT l tlle an g le defcnbed between the apfides by the body in the cnt\pJV, / 

when the force vanes as .the a- 3 power of the diftance If a - 3 = -a,* the , 
diftance of the ^apfides is 180% if n — 3 be a negative nupibe* greater than 2,. 
the diftance of the apfides is greater than 180°, but if it be hfs than*2 fc the^»' 
diftafice is left than * 8o\ Thu is, if the to-vaj^jmyerfely _ 

of the diftance, the apfides of the of Kit Ae fcnbed aj;e atrSft^>*£ j j jr* fa re* vary r ~, 
in a greater or lefs ratio than the/inverfe fquare o^he diftance, the ^apfidpsc ' 
are progreffive 01 regreffne. I ^ 

833. Let the force vary as — » an d the ^eateltdiftance befafi- 
fumed unity , then by eaadly the fame procefs, wefind G= 180® x b '~ £ ' 


, , , . bjndz at 

the angle between the apfides. . — ^ 

834. In the former cafe, if the diftance (d 9 ) of the apfidg^|wer\ we caqf 

find the law of force, for if , then n = —^onfequently^EDaw 


1*0 



«■ < 


of force is 

835. Thermo hduudfiTEitherto deduced when the force varies in the inverfe 
fquare of the diftance, have been upon fuppofition that the bodies were of — 
indefinitely fmall magnitudes , we muft therefore confider whas-aull be the •’*4* 
confequence if the bodies be fpherical, and of fintfe magnitudes. .* 

Fig. 836 Let 0 be the center of the circle ^SCZ^diaw OP perpendicular .. 

1 53 * the plane, and' let P be a corpufcle attracted to th’ circle, defcnbe about GP m ^' 

the circle vw, and let die attxafhon of P to aSy-pa^ick ^ = LZ^; p ut ~ 

PO=a y Pv=x, p=2, 14159* then Ov z =x 1 ~a\ and p 'the area, 

of the cucle vw, hence, the fluxion, of that area 1$ zpxx , atjfby the rcfoi 

lution of forces, x - a .. ~ • ax-’ tha attradion of P to sf mjhfc diretftion ~Pj?f * 

hence, the fluxion of the attraction of the coipuftfp P to tffe circle tPw Will * ' 

be 2 pax, whofe fluent is 2 pax-, but when x-a, vOz=.o, and\hVa*Sucfi&n% - 

. vanifhesf 
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. vamfhes , hence, the fluent corrected, or the attraction of P to the circle 
\i'w 1^*2 ppx — 2 pci 1 , which vanes jas i - ~ , and when x = PJ, the attiaChon** 


n 


k 

* • 


.* to The Ai'hottNcirclc vanes as i — • 

. • t • 

\ %£vj Let ABCD be a fphere, P a corpufcle, diaw PAOC throudi^the Fig. 
. • ^cefl^r.O, and* let BvDw be a feChon perpendiciflar to it Put AQ==a t 19+ 

» OP=b, AP=b-a=c, PK=y, and let P B=c- \- m x, then JK=y-c, and 
'p'' »CK=t,a-y- \-y, theiofort y- c x 2a— y + c=BK*=BP a — PK l — c-i-x —J*y 

=a+c) + ; therefore (836) the attraction of P bo 



i> the chclt^vDw is asyr*- 


lax-x 1 cX + XX 

or as - — — -- ; alio y - 


2 b x c+tt 

** % k hYnceTtli^^ the attiaftion of P to {he fphere is as 


b x c + x* J b 

aaxx — x'x 


5 whofe 


fluent is 


ax 



i 

^ • 


the ati£ 4 &ion to ABD ind when x = 2 a, the attia&ion 

^ j ^ j 

becomes , which varies as y, Now if the denfity d 
• 3^ 0 

vary, the attraction muft, csetens panbus, vaiy as d, 

da 3 

’e atti aCtion vaiies as y . But the quantity of matter 

vanes as da 3 -, therefore the attraction v aiies as p. Hence, if the fpheies 

• wefe evanefcSnt in^iagnMteT^vRh'the farnTgu^nt^ y of matter, the attraction 
would be the fame , confequently the atti aCtio n of a cor p utile to a fphere is 

w* juft the fame as if all the matter of the fpheie weie collected into it’s center. 

# If the corpuicle be afthe ftfrface of the fphere, then a — b, and the attiaClion 
v varies as ad. 

* 8^ 8, Hence, nf the particles of two fpheies A, B, attraCh each other by a 

_ , N foice varying in the mwrfe Jquare of the diftance, the attiaClion is the fatne 
2 - as Tfy the .whole qu^iltygi matter in each fphere weie collected inio it’s ic- 
fpeCtlvft center, becaufe the attraction of ecu h corpufcle of one fpheie A to the 

* I other fplvere B i§ the fame as if the whole quantity of matter m £ weie con 

* cent rated . 1 N 0 it’s center, and theiefore the attiaClion of the idiole fpheie A 

• \to B muft ^.lfo jbe •the fame as if the whole quantity of matter m B were col- 

• • geEfc^d into* i$s center.* * £Jence, what has been proved foi two coipufcles 

• .attnaCtiQg <4cfe othei When the force vanes inverfely as the lquuie of the dif- 
tance, Ro-ldst true foi two fpheres, the particles of which atti ad. each oilier ac- 

f* n coiding 

•j 

• • f 

% 
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cording to the fame law. If thciefore (815;’ the pai tides of two fpheies alt 1 ad 
each other with a foice varying in the mverffe fquare of the diftarve, one#fphcie 
will defcribe a conic fedion about the o'ther in it’s focu* Notf all the’ 
planets are 1 plienc?,!. and (217) they revolve about the fun in ejj^fcs havyig 
the Inn in the focus of each. Hence, we conclude, that each gdanct'is at- 
tra£s«d to the fun by a lo;ce which vanes inverfely as the fquaie of^he dtfjttynce 
Ox tHcn centers, and that the conflituent pai tides alfo at trad fetch other Vy' a 
foicc varying accoiding to«the fame lfiw * # 

839. A body P at trading anothei body exerts it’s influence emially . 
upon evQy paiticle of and theiefoie the acceleration of jb t o* P js .rh* 
fame Whatever be th» quantity of matter in and awJJ be Jn 
the quantity of matter in P, the magpies of the. bod^rWLfe^x^d tt> 
be indefinitely fmall, fo that everf particle of matt&vjn one body mayjje *‘ S 
fuppofed to be equidillant from d ery particle m the other.- In likejp^fflTer^l ; 
appeals, that the acceleration of towards from the atthidion of <5^, "is - • 

in proportion to the quantity of -natter in gK ^ t * 

840. Let thetefore P and ^attrad each othfl? and G be then cent* of * 

gravity, then the acceleration of ^towards P from the adion.of P/--the 
acceleration of P towaids from the adion of.i^ . P *.» 

hence, the fpaces Qa, P b, moved over by and P from theurijj^WSW*' attiac-l . * 

tions in an ^definitely fmall tune, will be as GQ onfhque! > [W |g<i* 

muff be to JGb in the fame ratio, therefore G continues to be then '* 

giavity Hence, the centc'of giavxty is not affeded by the mutual attsadhernkw • 
of the bodies. 

841. Now let ?_nd P Jao^-,-1 oj edted in tiie^ct ti efty fli s gjr, Pq-oppofite Ind 

parallel to each other, with velocities as GP, or as Ga . Gb, and 

let Pi be the fpaces that would have been defenbed in the time m which 

the bodies would have moved over $a, ?b by their mutual attr4tions7 and * *- 

complete the parallelograms Qrqa, Pspb, then thfc bodies at the end of that*' 
time will be found at q and p Now the fpaccs ddfcribed in the fame time' *■ 

being as the velocities, £r, 01 aq, Ps, 01 bp, G> Gb, alfo the aivde * 

qaG =pbG , hence, the mangles Gaq, Gbp are f^Thrrrc^iequently thel* gle ~ ■ 
aGq — bGp, and therefoie pGq is a ftuight line , alto Gq Gp - (Pa* kb •; 

GQ GP P . hence, G is the centei of giavity of P atrd -g> Vj< 7 n they ) 
come to p and q, confequently the centei of gravity will ftill bereft, and t 

the bodies w ill dcfcube fimibi xiguies about G. • * • / 

842. Now let us conceive each body to be adpd’upon, at\he«*£une tjnft /1 * 
by equal accelerative forces in the fame diredion, then the relahye motions 

of the two bodies will not be altered, and they will ftill continue to tielcrifjp * ** * 

V ‘ &n liar 

V 

t * • . 


s 


* m 
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fimilar figuics about G which is how in motion And by vaiymg the motion 
«f the VyHeiiL,* we may vary the abfolute initial velocities of P and as we 
pleafe. Hence, jftP and Q, be projected with any velocities, they will continue 
to revoke absent their centei of giavity, and defcribe fimilai figuics about it 
And the c*ntc* of gravity not bemg diflurbed by then mutual attiad'ons (840), 
will, continue to move on uniformly in a ftraight lute Hence, tne center 
of gravity of tfie folai fyftem lemains at icfl, 01 motes umfoimly in a 
. ftraight line, the lattci of which is piobably the cafe *(729). S11 J Newiow 

-lias' therefoie Concluded, that the earth and moon 1 evolve about their 
- '^eent^jjC^'avity , but Frisi has maintained, that this will not be the cafe r 
J^X^inld^the earth and «?toon had been at fiift projeded m oppofite directions 
"'^^^with'velocitito'mveifely awtheir quantities mattei , it appeals hovtevu, from 
Sirha^i? proved above, that this is by no means neceffaiy 

^AS^^t^the'dSodies 'be fpheric?!, and the pai tides attiad each other 
by a foice varying in the inverfe fquaie of the diflance, then (838) the 
whole attiadion will vaiy inverfely as the fquar^ of the diflance of their centers 

Now Its the attraction of ^ to P vanes as -~p it mufl vaiy as ~ 4 r, , becaufe 





l 


Tt in a.given ratio j and as G is in the line £>P, the acceleration of 
^•Ew^bethe fame as towaids P , hence, Si is attiacled towaids G 

withi lofce which varieTas — ^ , theieforc (81 5) ^delcnbes about G a conic 

i<S' 

"fcdion Tiavmg G in the focus. F01 the fame reafon, P will defcribe a fimilar 
; about G in ltX focus Aljdr-^'^p- ®P m a given lauo, and G is 
_ <vv s m the line ®P, thTTngulai velocity of aboiiiJ 2 _mufl be equal to 
it’s angular velocity about P, becuifc, m lofped to any fixed line LAI, SIC 
and ai.vavs .m ake the ftme angle, theicfoK Pi defeubes a figmc about P 
fyuilar to that which it defeubes about G, and in the fame puiothc time. 
I 'low all the planets aie attraded to the iun by a foice vaiymg accoidmg to 
-''the above law, hence, each planet defeubes about the center of gi.tvity of 
ltfelf fun, an elKpfe Lr mg that ccntei in their focus, except fo fai as 

— as they diflvrb each others motions by then mutual attudions. 

< 844 Co'nceive a body Z to be placed at G, whofe attiadion upon Si fliall 
be equal tb’that o*f P, then as the ettradion vat ns as the quantity ol matto 

• .direCUy $fld*th<* fquaie of the diflance mv'S'fely, we have p— — - Q -p ti hence 

.zZ=P*x Now («3i8) the fquaies of the periodic times of bodies le- 

•voicing about Che focus of an cllipfo vaiy as the cubes of .lie majoi a>es chtcdly 
and the abfolute ford’s mveifcly , thercfuc, tl ‘he pci iodic lime be given, the 

# • / • • mmnr 

• I 


/ 
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* : n r tt mn u r ai5r , as f h v ube root ° f the a * bfoiutc f ° rce * Hence > the ma j° r 

- of the ellipfe which ^ defcribes about Z the major axis of tifie ellipfe 
vduch $. would defcube about P at left m the fame pemdic time •: p’ x 

jajarT * P » alfo fiom fimilar figures, the maj’or rfxis of about 

f, a ‘ ' clk . the ma >°‘ 3X15 of * oboo, Z • V hence, by companding 
thefe lanos, we gee the mdjoi axis of the ellipfe which i^defaibes about P when 

f 1Cy leV ° 1Ve abput rhe center of g iav,t 7 the majoi axis t>f tRe ellipfe wfiidr- 
^ Wo a fd d f fcnbe ab out P at reft in the fame penodic time V 

P 3 This is the fame consiufion as that Reduced fef*Sir I Nis4-TW 

l ilTTF 1 Anf mannM in V,* */D. _ r * t ^ — - * 


P+$} 


ac uuu ycuucea T»f<air 1 jNiS^'i.TQh' 

in a very di&ient mannei, in his 'Ptinapa, Lib. 2. p r . 6p. Hence L 

as the auantitv nf lTUtlpr in fVio /an, fU 4-1,^ *. _ \ - «— * 


. ' T 1 • Ok). 

as the quantity of matter in the eaith that of thexrioor^n 08 1 tW 

ovie e-vP f- K . 1 . * _1 . 1 i r* 

fonev revoh 


axis of the elliple which the moon defcribes about the earth (/tuey revolving 
a out their common center of gravity) . the majoi axis of the ellipfe which 

the moon would defenbe about the earth at reffTn the fame time • 7Q U ^ 

: 429 427. ‘ - ' 

845 Let a body E revolve about a body S in-a circle, and at tl 
let a body M 1 evolve about E in a ci.de, and be carried wdi^SIfut «, t 0 
find the diftuibing foice of 5 upon M revolving abau^T^ppofiniW^fi 
be very fmall when compared with SE, and the force to vary mver% a^hc 
Iquaie of the diftance As the relative fituation of M to E is juft the fame- 
as it £ was at reft, let us fuppofc.fi ts-bw^reft. Produce SAP to D, 

CEB perpendisuluUa^D, and MK to CP NovTlet £.S represent the attrac- 
tive force of E to 5 , then 1 1 


SE 


the force of M to’ S*= 

SM* 


the force of <7 upon M 


SE- * SAT 

hence, by the refolution of forces, SAf 

■SAT 

in a dn edition parallel to ES, which therefore = _ L£Lf Jcr.‘ 

. V lSyW ? SE-MX* , + 

$MK, omitting the other ttims of the (erics on account of the* fmallnefs. 
Hence, as the force oi E to S is lepi dented by SE, we have 3MJ5? far the difi 
Lienee of the forces with which E and A/ are diawn in du editions pefpendicular 
to BC, and theiefore is repiefents the diftuibing foVce of S upba M in that 
direction, pioduce theiefore KM to r, and take Mr=~$ and tATr "'will" 
repreftnt tins diftuibing force This force is called the ablcrfufius for<?e*bf. - 
caufe it tends to draw M from E , and n the oppoTite femhuMe BLCr-tVo" 
force is conceived to act in the contraiy diredion, becaufe M being tfcere^ 
lels at traded to 5 than E is, the effect is juft the fume-as ifAJ’weicdrawn' 

' * ' • ^o'm 
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from E in the oppofite direction. t Hence, the effld of this force is the fame 
>n each femicircle CAB, BDC , or in oppofite points of the circle ABDC. 
* * ogj SE* 

Alfo SM : MF C x ^IE=ME very neaily, the difturbmg force 

of 5 uponJVf in the diredion MtL, this is called the addiUtious force, becaufe 
it tends to dra*w M to E. Hence) the adchtitious force . the ablatitious force 
ME': Mr, or 3 MK., . rad thiee times the fin^of the angle MEC, the 
^-diftance* of M from quadiatures. Hence, in fyzygies, Mr—^EM or $EA, 
1 T" froip which, lf^we take EA the a< dititious force, th’ere remains 2 EA for the 
y/f“whole (foice with wh'ch M is drawn from E in fyzygies. « 

{Lp6.“^The‘ difturbmg force ME compounded with tlie attradion of M to 

..... 

MZ, which paries as makes a. force which does not vary as , and 

therefos^i^^akejyag-TdrrfTW of foice it muft alter the form of the orbit $ but 
becaufe theToros 1 ' ME is direded to E, it will not (805) deftroy the equal 
defcription of aieas about E in equal times. But as the diftuibing force Mr, 








V 


*• 

..y 


■ or 3 MK, neither varies as nor is it dire&ed from M to E, it will both 

w ~ form of the 01 bit and the equal defcription of areas in equal times. 

' Ther/efoi^W will not continue to defcribe a circle about E 

^ 8£7,JRefolve the«*ddititious force ME into MK, KE, then MK aiding m 
oppofition to Mr ( = 3 MK), we get zMK for the whole force with which M 
is drawn from CB in the direction KM, hence, we may confider M as aded 
by two difturbmg forces, one^of which = 2 MK m the diredion KM, and 
• the^other in a diredion peipendicuku to KM, the foice of S to E being 
repiefented by^SE. Hence, the addititious force at M, and thefe two" diftuibing 
forces, will always be as ME, zMK and KE. 

1 % 848. Hitherto we have fuppofed the plane of the orbit of M to coincide with 

that of E, but if it do not, then as the force Mr ads out of the plane of the 
‘ drhh'ofyW (except when the nodes lie in the line SAD) it muft continually 
dra v^MJ^om the plane„df it’s oibit, the plane of the orbit therefoie continually 
changing will caufe a coqftant motion of the nodes, and a variation of the 
inclination §f the orbit, the method of computing which will be afterwaids > 
fhown. Thefe aie, m general, the confequences of the difturbmg foices, the 
particular effects of which we (hall now proceed to confider. 

. 84'p. Refolve; the (ores Mr mto Ms in the dnedion of the tangent to the 
p5int*M, an <yMw in ;he diredion EM. Then as the body moves liora C 
to X ‘the. force Ms ading in the diredion in which the body moves, muft acce- 
‘ letate the body, hence, the velocity of the body is accelerated from quadiatures . 
.. * * at 


rfl 
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at C toggles at A But whilft the body moves from A to D, the foi c ■ ■ M f ad s / 

' \ a , a dnea,on con trary to the motion of the body, and therefore u letauis the / ' 
body as much floral to J? as it acceleiated it from C to A, and Hie fanTe is tine 
01 the othei femicrcle BDC. Hence, fioYp quadiatures ttffy^ygies the bofly 
is accelerated, and fiom fyzygies to quadiatjl.es it is as much retarded.* confe- *• 
quently the velocity is greateft in fyzygies ahd leaft in qmdAturt* * • 

850. Hence alfo the areas will be accelerated fiom'quadiatu^ 10 tysryet«*s, 
and retarded horn fyzjgies to quadrature!, for (809) -alien the fofce jcniK: * 1 

in con ft, qve,itia the aieas are accented, and when it tends in artecidmia they ^ 

csr ajejs ddb,bcd * 

851 The ablalitious force Mr ( =3 MK) vamlhes in quadiatm^d 
addiutions foice remaining, the whole force of M\E in quadi ahmSlhhei e 
the greateft, and therefore the whole gravity of -Afj&Eis incieaied ,TtBd 1/ ^ 

fjzygies MV is the greateft, and theiefote the foreH?>\o £^Wthe 
leaft and the whole gravity of M to E is dimmifliedj for as Mr is thcie ' 
-3^ if we take flora it the addnitious foice ^AE, there remains 2JE \ 
foi he whole foice with which M is diawn frem E. The gravity therefore of ’ . 
to E is twice as much dim, rallied in fyzyg.es as increafed m quadratures; V ^ 

and in a whole levolutton, the gravity of M to 'E is dimimflied 

52. As the force of M to E is gieateft in quadratures/ the lagma W/in 

j. S w" yj 16 ’ ls S lcatef J ln thole points, and as the eriOcity is theietaij tlfe 

ihc _;r:r nUlfl he tbC leafl 5 hcnce ’ the curvature of thc orbit is There 
0 r 5 ie A °f VaruiL bcin S as the figitta diredly and the fquafe of the 

fm^cTnd’ tl And , AS thc f ° rcc ’ and frequently the fagitta, is lc^rttr^l 

nt li g ' 1 d ? d COnfequentl y the « c » 15 greateft; thc curvature • 

ie 01 bit muft there be the leaft. Hence, the orbit muft put on. the fom* 

01 an oval, whofe longeft axis pafies through quadratures, and the fhortefl 
through fyzygies; confequently the body M muff recede fmther fmm Em j 
quadratures than in fyzygies. It will aftei wards be Ihown, that the orbit is ^ t 
very nearly an ellipfe. This elliptic form of the orbit, and tie above-iiieftticitf'ed^ J 
(849) acceleration and retaidation of velocity, caufe, w\en applied to/ho^noon — 
an inequality in ids motion, called it’s variation . ’ ^ 

*i 5 ?‘ n fJ bC dmilni ° 3cd > lhe a <^Jon of S on E and M will Joe ‘increafed 
and then difference, or the chftuihmg forces, will be increafed, and as the ! 
giavity of M to E is/ in a whole resolution, diminiflied byfthe difturbmg 
orces, that diminution muft be increafed as E apgipachSs to <T, -confeauently* 
the radius ME will be increafed Now m different circles, the*penod«: t«?e • ‘ 

vanes in the fefquiplicatc retio of the ladius dneftly, and the fquare root. of the*, 
ab olute force mverfcly (818), hence, as, when E approaches to tf, *the iadms- 

- * ’ . is 
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* v * s ^ IKrca ^ (i and the f° rce diminslhed, the periodic time muft mcreafe. Tliere- 
ore i££ revive about S in an ellipfe having S in it’s focus, when E is in the 
pgher apfide, the radius ME and the periodic time will be the leaft, and 
. !j en E “ in tIie lower apfide, ME and the periodic tune will be the greateft. 

. How ^periodic time is altered by the alteration of the orbit of E from a 
circle ^ to an ellipfe, will be afterwards fliown. Th^fe are the effeds of the 

. . ur £ in S ™ r0€S u P on on fuppofition that the orbit of M would 

. • ^(independent of the difturbmg forces) have been a circle. 

, ' y-# £ S\' As thc mpon’s orbit is very nearly a circle, iimdar, effeds will take 

*55* pl a ^ vU P°o it’s orbit, from the adion of the fun ; that is, when the- earth *s 
** • v •f iea ^ *° r ^ c Ln, t ^ ie moon’s orbit will be dilated, and the periodic time 
and when the. earth is furtheft; fiom the fun, the orbit will be 
^^contraded^ and the peuodic time dimimfhed. Hence, the moon’s periodic 
^ time ^addiftanc^js-M in fummer, and greateft in winter. We come now 
* to confider the eied of the difturbmg forces upon an elliptic oibit CABD. 


\\ 


. *55- Let M move in an ellipfe about E in it’s focus | put a= ME, and let 

a represent the addititious force, and let the natural gravity of M to E= - 

Now # uiSqmdratures*, the whole force (845) of M to E= - + a = £f±i*. 
V J . „ a % a' • 

hende, with that force (833) the diftance of the apfides = 180° x + 

,/• I , ^ b+\' 

, 18 k* >I»“ ■So-. «V|il » k& than rmity, therefore ,he 

aplwies are regrefiive when the body is in quadiatures. Now in fyzygies, the 

^ W i° le ° fV 10 £ = < 8 4S'. therefore (833) rhedrLce 

^cffte apSdcs =i8°-x which is greater thaa .8o-, bcamfc 

^ b*E 3 s § reater thai^ unity ; hence, the apfides are progreffive. But as the 

fierce za which caufes the prbgieffive motion in fyzygies is double of the force 

5 * W 1IC 1 < : aufeS the ie S reffive motion in quadratures, the progreffive motion in 

fyzygies is gieatei than the regreffive motion in quadratures In the points 
. . Jpetween quadrates and fyzygies, it is mamfeft that theft principles cannot 
• . * a PP[ led the mdttoq of the apfides, becaufe the force does notvaiy 

asjilW powei of’Tjie diftance; and moreover, there is a force Ms aftino- per- 
• Ve^ictilarly to,the ladius, which alfo pioduces a motion of the apfutes, w e 
/ TT afterwards fhow upon what principles we may compute the whole motion. 

.* *. u 856. As 
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856. As the attractive force varies inverfely as the fquare of the diftunce, 
tve mayreprefent the attia&ive foice of E to S by , and of M tO S by 

t ' 

— , hence, SM SE that part of the force of S upon M t which 

* „ , vc SE SE 1 , J r 

ads parallel to ES - + S g, , omitting the other 

terms of the feries on account of their fuiallnefs; hence, the difference'oPthe'*' 
forces of S upon M and E in a dnedion perpendicular to CJ>, cfc the ablatitious 

force* is = lf.theiefoie the pofition of M be given, and vaiy* the 


ablatitious force varies as jwi’ but ^ pofition dfjltf be given, $ fof 



SE 

the ablatitious to the addititious force is given (845)T~'Hea£e, if tljppofition 

^ ' x * 

of M be given, and SE vaiy, the disturbing forces will vaiy as 7 r=r , and if 

the abfolute force (J ) of S fhould vary, the disturbing forces will vary as ~~ • 

r SE 3 

? « 

But lfP = the periodic time of E about S, then (818) t~~vanc£!&s* ^ ~ . 

Alfo a if d— the diameter of the body 5 , and m = it’s dejjfity, then 4 varies* as 

d 1 

d 3 x m, hence, the diftuibing foices vary as x m, or as the cube of the 

apparent diameter of S feen fiom E, and/it’s demfity conjointly Hence if 
the abfolute force of S and the difUnce SE vary, the diflurkng foictsfand 

confequently the eirors produced by them, vaiy as r^, or they vary as the 

cube of the appaient diameter of S feen from E* and the denfity of S ctmiom'ly. 
Now thefe are the Imeat eirois of M feen fiom E] and as ME is conflant, the 
angular errors will vary in the fame ratio . 

857. Now let us fuppofe ME only to vaiy, 01 which is the famjf cfp^ive”” 
two orbits to be defenbed by M, and M to be fimilarly fituated in them' then 
the addititious force vanes as ME 1845), an d in*any given politien.of M, t^ie 
addititious force being to the ablatitious in a given ratio (*845) * both the dif- 
tuibing forces, and confequently the linear eriors generated by them in a given 
time, will vary as ME Hence, confi dering two different radfi ME^ if in any 
given pofition of M, we fuppofe the bodies to dqfcfibe a given indefinitely fnwll 
angle about E, the linear errois generated in that* time wiU V be as the ?orcg" 
ME x the fquare of the tune , but the times of defcribing equal angles abouf 
£ vnll be as the whole periodic times (p) a hence, the Jjnear’ errors will be as 

m ME 


V 




* \ 
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ME xp*, and as the fame is f true for eveiy indefinitely fmall fimilai paits of 
the circles, the linear errors in a whole revolution will vary as ME x p', bug, 
the angular errois are as the lineaij errors dire&ly and the radius ME inverfely, 
therefore the anglilar errors vary as 75*. Hence, from this and the laffc Article, 
it 'ME, SE , and the abfblute force of S vary, the angular errors will vaiy as 

• . Or if* for fubftitute ~r, the angulai errors varyas , and if A 

Jr * m Jr I ot i o & 9 

* • • ** 

' be* given, they vary as AL- Now the eiror generated in any given time x 

0 f 

the dumber of tSofe times in a revolution, or x p, (fo? that number is 
# in jjroportion to the time of a revolution,) tauft be as the whole erfor.in the 

* t> % ^ 

. *^tw»e # t 5 fSi revolution, or as hence, by dividing by p, the errors m a given 

*+ p 

tim'e *«dl vaiy^as ~ Hence, the mean motion of the apfides of the orbit 
defcribed by M will vary as the mean motion of the nodes, and each will vary 
''.as , the excentricity*and inclination being fmall, and remaining the fame. 

% tv ' 

-^8. By-Art*. 84 < the addititious force ME - the force of E to S ME : SE , 

^ and, the forces of bodies revolving in different circles being as then radii dire&ly 
f and the fquares of the periodic times inveifely*, we have, the force of E to S : 


’the mean force of M to E \\r— 


Sm ~r > hence, by compounding thele two 

proportions, the addititious force the mean force of M to E p ’ 1 . P*. 
Hence, if ^ = 27 d. 'jh 43', and P = 365^. 6 h 9', we get the addititious force 
of" the moon it’s mean foice towards the earth 1 178,725 Now (845) 

" the ablatitious foice : the addititious :• 3 MK ME, hence, this, compounded 
with the laft piopoiti«n, gives the ablatitious force . the mean foice of the 
*moon to the earth 3 MK : ME x 178,725 • MK : ME x 59,575 But 
, ~^Ms the ablatitrous force Mr : KE ■ ME, hence, Ms : the mean force of 
tlicNmocn to the eaith MK x KE ME 1 x 59,575. If P p • 1 • a, we 
havC the addititious force . the mean force of the moon to the earth :• 1, 

land the.ablatttious foice . *that force . 3 n'MK . ME. 

* * 859 . It 

* • ' y 5 . * 

* • I< or 10) F vanes^s — , betaufe in this cafe Jir=:half the chord ofemvature, but if P be 

rife piSiodic timrf V vanes which vanes as hence, by fubftitution, F varies as ~ , 
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859. It will be pioved in the next Chapter, that the nodes of the orbit 
defcribed by the body M f have a letiograde motion. Hence, if inftead of 
one body M, we fuppofe the whole cucumfeiqnce of the circle to tie filletf with , 
bodies, the fame effed will be produced on each, and the ncfdes of die mbit 1 
of each will ha\e a retiograde motion, if theiefore we fuppqfe thefc bodiei 
to be, connected togethei, fo as to foim a folid ung, the nodes ?>f tins 'ring 
will have a retiograde mofion. Hence, if this ring wereNouved, to'-a Iphferical 
body, fo that it’s plane might pafs through it’s center, the nodes of that’phipe % 
would have a letrograde motion, butlefs than before, inafmuclfc as the fence 
which caufes that ‘'motion would have a gieater quantity 0/ matter to ifiove, * 
and therefore the motion would be dunm.fhed as the menu was increkd/ 
Now the earth, from it’s lotatioa about it’s axis, has it’s equatorial diameter^ 
greater than it’s polai, from the centrifugal force of it’s parts; hdne^tfie^ 
excefs of the quantity of matter in the earth about the equator above thltm 
the fphere whofe diametei is the eaith’s polar diameter, anlwerS to the^afore- 
mentioned ring, confequently the attiadion of the fun and moon upon this 
excefs of matter at the equator muft caufe a motion of the equinodial points 
upon the ecliptic, called the Precefmi of the Equinoxes, the quantity of winch/ 
will be afteiwards mveftigated. 

860 Now let us fuppofe CABD to be a globe revolving^ an-scSfe— 
perpendicular to that fed ion, and conceive a canal to be cut upon it’s fuiface- ' 
in this fedion, and to be filled with a fluid. Then this fluid will be accele- 
rated fiom quadiatures to fyzygies, and retarded from fyzygies to quadratures, ~ 
by the force Ms Hence, there will be an accumulation of the fluid in fyzy- 
gies, which will caufe it to life higher in thofe points, and the fluid bein° digwa 
from quadratures, it will there be depreffed. But in confequence of the 
motion acquired, the water will flow beyond fyzygies, and will. continue to 
rife, until it’s motion be deftroyed by the force Ms m the next quadiant- " 
the fluid will therefore continue to rife to fome diftance beyond the fy? yl . 
gies, and the higheft point of the fluid will be beyond the fyzygies, and the* 
loweft point beyond the quadratures. Thus the fluid will be highM, ajnK^ 
loweft at the fame time, at the diftance of about /po°. If we Tuprmfe " 
the body CABD to reprefent the earth, and 5 , the fun or mriQn, rt 15 
manifeft^that their attraction will caufe the lame efleft upon the lyateV which ^ 
covers it’s fuiface, and the fyzygies being that meudian on which the fun or 
moon is, it follows that the time of the high tide from the fun mr-moon will 
be fome time after they have palled the meridian, gipd tWe low watef ajbout * 
fix hours after. When the fun and moon are lft conjunction oppofition * * 
it is manifeft that they will both tend to raife the water at the fame plat/ r 
and therefore there will then be the higheft tide, and when they are -in / 

*" quadratures* 
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quadratures, one tends to iaife> the water where the other tends to deprefs it, 
and thexefore.the tides will then be the leaft Thefe are the geneial pi maples* 
v of the tides, which will be fuither explained in a future Chapter. 

' 861. Ia Ait. £45, &c. we have fuppofed that M revolves about E at left, 

I yhereis at i§ proved (842.) that two bodies revolving and attiafting each 
othei , will lgvolve abqut their center of gravity 5 but the motions of M ard E, 

^ (which we will-fiJppfjfc to reprefent the moon and earth) about that centei aie 
djfturbed by finular forces by S reprefenting the fun,j and if the fum of thefe 
forces be referred W the moon, and the earth be fuppofed at reft, their effeft 
J s m difttirbuig the relative fituation of the earth and moon will be dig fame as 
relpedtive eftefts on each took place, and they revolved about their 'center 
•■^^xrsvitji.fr For heie th| addititious force of 5 on M to the centei G is MG t 
GS reprefenting the foice of G to S, alfo EG will lepiefent the addititious 
’ foice^of E to G. Hence, the fum of thefe forces =ME, the whole addititious 
-> force by which the tendency of M and E towards each other is increafed, which 
is the lame quantity as when E was at left. Alfo the fum of the ablatitious 
: — v forces in the foimer cafe* is equal to the ablatitious force in the latter , for the 
dijitvyis of each body from quadratuies being the fame, the ratio (845) of the 
al)lautibus_to the addititious forces are the fame, and therefore the Jim of the 
*\ ablatitious forces^of M arTd^ when 1 evolving about G (for they aft m oppofite 
( directions) is equal fotlTe tcblaqtious force of M when revolving about E at 
reft* In the theory of the mocn therefore, we confider the moon to revolve 
about die'Earth at reft, and refeS all the difturbing force to the moon. If A 

\ g 

and M reprefent the mafies of the earth and moon, then "gjp repiefents ther 

• ^ ^ f "SS 

attraction of M to E, and gpp repiefents the attraction of E to M, hence* 
,M is fuppofed to be atfrafted'to E at reft by the force pjp-' 
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CHAP. XXXII. 


ON THE THEORY OF THE MO^N. 


Ait. 862. TN the Iaft Cliaptei we explained the general principles of tljc 
<■ ' ddlurbing foice of the fun upon the moon, and the nature of the* / 

effects produced by it; but to entei into a computation of all theft 
would require an inveftigation of the nature of the cprve defcribed by a iot]^* 
attracted to two points, called the Problem of the Three Bodies. This problem •„ 
has been folved by M. Clairaut, in a Treatife, entitled, 'theme de la £wte, — 
by M. Euler, in his Theona Motuum Lung , by M d’Alembert in his 
Recherches fur differ ens Points important du Syjleme dn Monde , by Frisi in his 
Cofmographue Phyfica et Mathematical pars priory and' by T. Mayer in his x-»- 
Tkerjna Luna, yuxta Syjlema N ewtontanum. Mi. T. Simpson began zfflwrf 

of the Moon , but left it unfinifhed M. Clairaut at firft obfcQzdrta Si? 

I. Newton’s law of giavity, that it would not accptfntfor tllSTSotion of the *< 
apfides of the moon’s oibit; he afterwards, howevei7 uncovered his error, and" 
found that it would account, not only for thaj? motion, but for all the luna r 
irregulanties , and he was the fiift peifon whq'gave a complete Thecfry of the 
moon. But Mayer’s Tables, with the /aft corredions by C Mason, 
under the diredion of Di. Maskelyne, are the moft accurate of any, -and 
are fubjedf to no greater erior than about 30" m longitude. Su I. Newton 
firft gave a Theory of the moon from the principles of gravity,* and*by very 
ingenious aitifices, he found fome of the pnncipal equations, but bis indued 
method did not carry him to many of the fmaller’equations, Co that his corn-.* 
putations could not be depended upon to give the moon’s, place nearer tlun - 
5' or 6'. Others have attempted the fame by indued methods, ol w^bm 
Frisi has been the moft fuccefsful. As it would nof be confiftent with the 
plan of this Work to give a complete Theory of rfte moon, we, llviU. explain^ 
fuch parts thereof as can piopeily be heie introduced, in which we (hall pun- 
cipally follow the indirect methods of Newton and Emu; and although the 
conclufions thus deduced are not always fo accurate as thofe wtuch’are derived 
from a diredt folution of the problem, yet they give* the tru£ a|yaments», and * 
their coefficients to a very considerable degree of accuracy. Ti^is method ’’of ‘ 
treating the fubjed has this advantage, that it points out mole cleaiiy * hfi *• 
particular caufes of the feveral equations fo deduced, which are not obvi&us ■ 


in 
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in the equations derived from-, the general folution. They who wiih to fee 
more .on this_fubjeCt, muft confult the Tieatifes above-mentioned. 

\ 863. the attractive force varies inveifely as the fquare of the diftance. 

Jet - 4 -sr.^renrdfent the attraction of the moon M towards the fun S, then 
! SAP * 

L_ ,- W ill be" tlie 7 attraction of the earth £ to S. Refolve the foice 

SB 1 ' . * „ • • ' * 

" I SE 

. into the directions ME, ES , then, SM : SE . ’ eTJJ = 

SAf 1 r >■.",> - „ OIVJ - . 

_ r _ _£ — j. th6 force with which S a£ts upon M m a direc- 

SE SE 

tiorrpaiallel to ES, from which fubtraCt ^ , the force of £ to S, and we 

f =Mr) the foice with which S draws M from E in the direction 
SE * v ‘ 


have 


* %MK 

i£M~ Hewe, by fimflai triangles, rMs, MEK, ME KE ( = Mr ) : 

^MK^KE ^ of the foice Mr which aCts perpendicularly to EM; 
~ME x SE 1 ^' • 

“alfo, ME MK.. ^^~^r!rsT 3 = Mw the part ° f the forceMrwhlcK afts 


EM 


in the direction EM, but SM: EM. (the force of 5 upon M) . 

the"addititiou§ force, or the force of S upon M in the direction ME, hence, the 

»• „ ” , , _ EM - qMK z 

whole difturbmg foice of S upon M in the du ect ion ME is x 


SAP SE 3 
EM , 2 >EM 


EM 

1EM_ _ Z EM "j_, co f zMEC = - x cof 2 MEG very 

STVif 3 SE S ‘ ? 25£ 3 2 SE 3 

nearly 

’ 864 rt-et the periodic time of M about E be to that of E about 5 as n 1 ; 

then the ohbits djeing fuppofed to be very nearly circular, we have (858) the 

addititious foice the mean force of M to E\. n* : 1 . Let the mean 

-fqrce of M Z&E, at the m 5 an diftance unity, be leprefented by unity, and we get 

JL_ J i_ 3 nearly, hence, the difturbmg force of S upon M in the 

direction ME is--| n % x EM+i a* x EM x cof. zMEC . Now in a whole 
" - revolution. 
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revolution, the laft teun is deftroyed by the oppofition of it’s figns , and 
' the mean value of EM being uni ty, we get - j *• for the mean diftm biqg force 
of 5 upon M in the diredion ME. Now m order to obtain the force of / ' 

gravity of the moon towards the earth, upon the fuppofition 'all eady, made, v/e/ 
mufl conlider, that when we affume the periodic time of the moon, ttf be V' 
thauis the periodic tune coircfponding to the mean forqe of the qioon towards 1 
the eaith, which force is equal to the natural gravity offesermoon towards the 
earth, diminished by the jnean difturbmg force of <S upon M in the, di're&idn ' * 

EM, that is, the mean force of giavicy of the moon, towards the eaith 
- I »* —i- > the mean force of M to E , hence, the mean force of gravity* of the 
moon* towaids the earth, at the mean diftance unity, = r + x -confeq^ndj^ " . 

that foice at any other diftance EM is *. Hence, the whole'fome'oT ' * . 

the moon towards the earth = - § «* x EM+l n'xEMx cof. aj&ScT ^ 

H 1 

Put { ~- L Ttf =m > and tIie whole forcc becomes proportional to 

EM i- l m x EM x cof zMEC, in which expreffion, unity lepiefenls &/, 
force of giavity of the moon towards the eaith at the mean ditfahcc^dWe '*---* 
-other quantities leprefent the proper inopoitionzi'difkC^a^ 

865. If the diftuibing foice be hn.’MEc} 

then, upon the fame fuppofition, the whole force will be - +tn x EM- 

EM* 

2 > m x EfrLx iin MEC * Alfo, the quantity - ~ = 3 »'MK x KE 

H J ME x SE\ ME ^ » 

which lepiefentcd the force afting m the direction Mr, muft flow be rcpie- 

"i /r rr rr n -a m w 4 


/1 l " 


fented by 


1 3 n~MK x KE __ gw x MK x KE 


1 +• In 


ME 


~meT 


", 

866, If the velocity with which the moon was piojefted* at the mean v 

tance unity, be u, then at any other diftance EM, it would be noaily, 

g J-wi-Ef « "N 

in an orbit very nearly a circle, fuppofing that there was no tangential force.’ 

Now the force at the mean diftance —1 -§*?/, and (82,5) *a body muft fall 
■down half that diftance* (f) to acquire the velocity in the Yir<de , lienee, 
i»y the laws of falling bodies, u — Vi x 1 - fm * § =Vt"]|«=i r \ m " 

• . ^ nearly: j 

Fuji, and otlier 'Writers, make this force — • For this c<?rre£\Iou \te are indebted • 

to Dr Maskelyhs. *' * , 




• • 


V 
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nearly. Let <v be the velocity'of the moon at M; then as the force (863) * 
which ^adts upon the moon at M. in the diredhon of the tangent is 
3 /» X MK x JKE L L „ 

ME * we “ ave » °y the principles of motion, vv — 


irn 

~T~ 


. ME 
X" MK X KE 


*■ CM=(i£ we put MK=x, and affiime ME= i, wlhch 

* m ~ 1 ^ 

' v^e mayrheie confide* conftant, without producing any fenfible error) o,mxx, 
hence v*=$mx*+ Cor. But (866) at the mean ditfance, the velocity v- i - 

»* = W& +3** 

* J 


• -S./, 

T j 


nrx~ME a x fin MEC a = (as fin. MEC* = §-* cof 2 MEC) 


ME 


~~ 4 jp ><£ME l — ! mx ME * x cof. 2 MEC. 

- ' 867 Thus fir we have confidered the velocity of M in refpeft to S' as 

fixed, but as S is in motion, let us put d : 1 :: fynodic levolution of the 
^-i. n ; it s periodic time - ; then^ at any angular diftance CEML from quadra- 

_ . s ti!:^ the moon has actually defcribed the angle dx CEM from the time it 

r was ^ n ‘ q^nj^s-^-Hence, ,we rauft write d x VM for CM, confequently 
+ 3 *» x d MEC * = (if r = fine of MEC) ^+ 3 >* 

i\ -J+i ME^x s % i and (as the fccond term is veiy final!- compared with the 
firft) v = Mg + f my dx ME * x j* very nearly. 


* - 


H 


On the Radius VeElor of m the Moon's Or hit, and the Equation of it's Center. 


8atf. Lpt^G^be a femi-elhpfe, F it’s center, E, L , it’s foci, FG it’s Frr 
femi-axis minor, and draw EM, EG, and MN perpendicular to A^ Put 1Q 8.' 
FA = ij L.AEM—Z , FG=c, F£ = w. By the piopeity of the ellipfe, AF * ; 
FG l =EQ**EF*=AF*-kF* • AN x NQ = AF- FN x AF + 1 N ~ = 
AF*-FN* : JVM” . AF-EN+EF* . NM », to the value of NM a 
found from henceT add EN\ and extrad the fquare rod, and we get EM- 
,• EFxEN' EF* 5 


E»F X EM x eof MEA 

FA 1 - £F* 

FG 1 


FA 

~ FA 3 

Vol. II. . “ -f 

* -> 

• -» ^ 

» 1 

« -1 

D 


' fi 

1 1 

• S * 

•/ f 

^ -1 

✓ / • * 

• i/ 

— — 





therefore EM =, 
FG* 
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Fi7* 


FA — Fl x cm JuhA 


tv X coi 


(by divifion)^ r* x 


i-} tu x co ( r +-w a x coi a* +• to* x col x. 3 + 8cC. bivt c<d z -- \ + ( ,'j 
coi zz , col ^*=4 cof 2 + \ cof 32., See dlfo t a — x — ic\ lienee, EM t 1 


- l w* -j- a - \ zu 3 x cof a 4- }zc> 4 x cof. 2i+ ? vu 3 x cof 32 + &C 'If tlf.c 

ctxentncity be vuy fmall, EM=i -\-iv x cof. z ncathy^- and the VHiai,K/«i 
ol L ’/ is ncuih in pioppition to cof. JEM ” j ^ * r 

869 Pi vw 4./, indefinitely nc.u to £M, and with radius £«= \/ JF,J'(r, 
•defeiibe the uiclc - a, and fake the ama zEw=AltM, and fupp„ofc a bod', 
tp 1 evolve from J te M about L , then the angle A EM is the true a note a T;*, 
and JEw ("Note to Art 227 ) vs die mean anomaly hence, the mcafi- 5 honu 4 '-~* 
: the tiue anomaly : czEw ZzEv . feftor zEzv fedor zEv aid < 
JEM . aiea zEv , therefoie the increment of the mean anomaly (Z)'T- tt-« * 
inclement of the tiue anomaly (2) aiea EMm area EvB • £M* . £<y* " 

P]\,l z 

— Ez l — c , hence, Z = — x 2; = (by fubfhtuting for EM-iSh. \alue 


I -f-Zf X cof Z + ZU® X col 


‘-t-u/xcoi z J -i-&c. by Article 868^}- t* X is^C 


1 4- aw x cof z + 3zt; 2 x coi z* + 4^ * col. z 3 +&£ 


(by-jtfh^fci)trrjlb foi 

r 3 it’s value 1 — 3 zv a nearly, and puttinpffff cof a\ cof z 1 , &c. their 

1 allies as befoie) ef + aze; x cof z x 2 4-f ze^^xcofTlTz x z-f-w 3 x cof 32 x*ts» 

Ac whole flue nt is Z = z -f 2 tv x iin. z + |w*x fin. 2Z+f zcd ^Jiri 
fci. the mean anomaly in terms of the title. • 

870 Given the mean anomaly, to find the true By the lad Aitide, 

2 -Z-J.W x s z— l w z x s zz-jw 1 x s. 32, omitting the twins whiclf come 
aftei , hence, z = Z — zw x j. z nearly, = Z-2 ,to x s Z neaily, alfoz=*Z- 
zwx s.z — l vf x s.az more nearly; fubftitute in the fecoftd te!m of this"*^ 
equation, the above value of 2, and in the dhud *term, fubftitute Z foi z, 
and z-Z-2iv x fin. [Z-ztv x j Z)-i w x x J. 2Z Now in the gi«*a 
equation, fubftitute in the fecond term ( — 2 ® x j z) 4 he lad value *£^4- 
and in the third teim (- J w 4 f 22) fubditute Z-zwx fin. Z foi * , <flio in 
the lad term (-bo’x j. 32) fubftitute Z foi 2,jmd"we get z = Z - az* x fin 
(Z— 2 zee xj Z— 2zuxj Z — ^ ztt* x j 2Z)-| w*x fin (hZ^w x r 'Z) 

_ ; w 3 x fin 3Z Now us 4^ x fin. Z is veiy fmall cofhparecl with 2Z, vui 
have -|w a Xfn (zZ-4ze>Xr Z)= - 4 20® X fin.* 2Z - 4zehx fitt Z XcoL zZ 
= — | w 1 X fin. 2Z + 3zt; 3 x fin. Z X cof. zZ = (as.fin Z>qcaf aZfc|lin. 3Z 

— f fin Z) - | mi*X fin 2 Z + 1 te/ J X fin. 3 Z — ? zed x fin Z vVfn likc,tntyuT-i> 

— azexfin (Z— 2te;Xfin. Z)= (by confidermg cof 2zy Xfin\ Z = i) m -e, 7 yX 
fin Z4-4ty*X fin. Z Xcof. Z= — 2 zeiX fin. Z+ 2W 4 Xfin zZj Hence*^- 27" 
Xfin (Z — zzexfin, Z— 2Zt) xiin. Z— | z</ a X fin. 2Z)^= - 2t©Xhn (Z-2W 
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xfin Z + l'iv t x{in.zZ)= - 2wx-fin (Z- [awxfin.Z- 5 ,w*xi m ?£])--2WX 
hn Z xxol.(a w x fin. Z - x iin.iZ) -coi.Zx lin.(a w xmi-2 - lw l Xlm zZy 
— fas cof (aw Xfin. Z-*w l X fin. 2 Z) = i -aw’Xlin Z 2 ncavly, and fin. 

/ (.iwxfinr Z- lay 1 xfin 2Z) = 2wXfin Z- I «f Xfin. aZ neatly] - aw X 

tin Z+ 4 w 3 ~X iin. Z 3 + 4^ X fin Z * cof Z ~ ~ w ' X cof Z x ® n 2 Z ~ ^ 

' /in Z a =| fo Z— $ fm. 3 Z,im. Zxcof Z = } fin *Z, end col. Z. xfo* ^ 

»* Lx fi H . aZ+i fin /]- zwxfin. Z+iw 3 Xfin. Z+zw X im zZ * X 
fcn> 3 Z. V Thefe quantities being fubOituted into the firft equation, and the i o 

. tefms^being collected together, we get z=Z-zwXfm. Z^w Xfin. aZ 
« +|ro 3 Xiin.2 

•■v/rtyli In a Z the true anomaly Thus we may find the true anomaly from 
’ the'nfiean, for all the planets ; but this rule is not fo well adapted foi calcula- 
* tion* as thofe given in the tenth Chapter If the excentucity be very foal!, 
equation of the center becomes nearly = - ateiX fin Z_ awXhn z 
n eaily , hence, the equation is in piopoition to the fine of the tiue anoraalv 

^ of tl - cfe cq€atlons becomes* a maximum at 90° from the 
:pfidc* 3 tile fecond, at the oftants fiom the apfidcs , and the third, at the 

(Lftahce^jfS^ 0111 tte a P fldes - As the firft eqVd tl ° n 13 thS pimCip£d 

one, the whole' equation muft be a maximum when Z is neaily 90% 01 
go°+e, e being very fi5airT*ence, fin. Z=x-K neaily, fin. aZ—i* 

S paddjrand fin. 3 Z = ~ i very nearly; by fubflitution therefoie we get tie 
J 'Si. J w * yw x e iyw* 

equation when a maximum = - 2 w + w? 1 4 — a 12 vcr y 

_ Ba ^ly , make'ttie fluxion of this = o, and we focfo= 5 -^, hence, the gieatefi: 

equation is - aw - , Foi the moon, w = ,05505 , lienee, the greatefl 

Equation is — 6° x8 / 30"— x. 22 = - 6 . 19 5 1 ■ t 

For w fubftitute 0,05505 the mean excentucity of the moon s orbit, 

• ana' the tiue anomaly of the moon z = Z- 6”. 18'. 30'xfin Z+ 13 Xfin. zZ- 

-f8"xfm. Z 

‘^"X^Z^Z-fi 0 18^, 22" X fin Z+13'Xfin- aZ-37' / Xfin. 3 Z. 

Sy^ By Art* 868. the ladius vedfor = 1 — \ w* 4-zeiXcol z + -}w Xcof. 
22-f-&c.-in v. finch, if we lubflitute foi z it’s value Z— 2wXfin Z neaily, 
* and neglcft fall, thofe tarns whcie any powers of w gieatcr than the 
- Tccoral cntc?,;v«d foi cot.'z~wc put cof. (Z— 2 wX fin Z) = (as 2 wX fin. Z is 
-very fmall) cjf' Z +2u'x thTz 1 = cof. Z +w - w X cof. 2 Z, we get the radius 
* . ve£tor=*x + L I w a + w X cof. Z - £ to* X cof. 2 Z. 
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On tie Lffell of mcreafmg or dtmmtjinng by a very fmail Quantity, the Fens 
or V 'ehnty of a Body moving in an Ellipfe about the Focus, 


• ; 


Fig. 

199. 


•n 


8-4 Let ABM be an ellipfe defcribed by a body P revolving about tin* ,/ 
ocus 6, PI the other focus, and conceive the foice at P tff be augmented by! \ 
a veiy fmail quantity, m the latio of 1 x + r, and let it ffill conUni/e to vfny 
imeilely as the fquare of the diftance, to find the new ellipfe which it de- . 
icribes, wd it’s major axis, the excentnc.ty of the ellipfe being fuppofed to btt 
v£,ry Imail. Let PE, rp e be the fpaces though which a body mufl* fall tW the*, 
lorces i + r and x at P, to acquire the velocity at P , jhen PE : Pe , r"<i + r * 
therefore PE Ee • 1 : r, and Ee=rx PE. Now let PL, PI be the fpaces ' 
lallen through to acqune the velocity at P in thefe refpe&ive cafes, then (Sl<tK 
SP'=SExSL = SexSl, hence, SP Se - 81 . Sl ! and SE -Ee, or rXP£, 

SI, or SL nearly, LI = — SL , But ( 8 / 58 ) SP= 

_ ‘ t nn 1 SV , a/ — _ 


* . 


\ 


V W- * I — WX CO/ Z , 

^ Q jf) 2 

i-ixcof. 2’ and (8z6 ) SE=jjp = iSP% therefore PE^SP^SeI 


I — w 4 


SP-lSP *, hence, Ll=^~—zt 


_ 4 — 4CTXco f 2 ; 
-■zed 


Xf - 2r= (by dividing an<l 


negleding the powes of a; above the firftj 2r- 4 rzvx cof z the v ariation of - 
the major axis Now in a whole revolution, 4 > wx cof z is deftioyccl by the 
opposition of it’s figns, hence, the major axis is dimmi/hed by 2 r therefore 
the femi-ixujor axis = i-r, or the femi-major axis is dimimlbgd in the ratio 
oi 1 • 1 - If the fame force be fubtraded inftead of addedfthe fetru-nfetoi- 
axis will be increafed in the ratio of 1 : x +r. If the ellipfe beCome ’a cncle, 
it’s radius muft vary in the fame ratio, by the addition or fubtradion of this 
fmail new foice. Now if this new force r be con ft ant, inftead of vaiymg in-** 
veifely as the fquaie of the diftance, and be fuppoled to be veiy fmail, and fetic 
oibit nearly a cncle, the whole foice will ftill vary neatly m the inveife fqrfire 
of the diftance *, and therefoie P will ftill defenbe an WJ/ pfe veiy nearly, -the 
variation of whofe majoi axis will be very ntaily the Tame. . !-s * 

• * 874. As 

• • N . 

* Tliat this is true, appears from hence. Let a and r 

wmty; then — = 1 — 2* veiy neaily, add r to each 


* * I 
•r 


. 


K 

1 * 


X +* 

=7 very neaily 


be very fiaril whe^i compared with • 
'* atld .7=T +M* • 


x-ir 4 * 

a body will defenbe an ellipfe veiy neaily* 


The fame is true, if i be fubtra&ed* 


•1 +* ■ 

Hence, with the ft 


*ce g 
i-F* - 
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\ 


4 

/ - 



ON TIIL THEORY 0? X HE MOON. 





875 As r is veiy fmall, the periodic time will (8i8)vaiyas i : ^-75'. 


= 1 q= 2 r vety nearly. But the mean motion is mverfely as the periodic time ; 
' he^Qe, \vhen the fprce vanes in the ratio of 1 . i—T, the mean motion vanes 

as j • _Li ,*01 as 1 : jt=t2r, and the firfl mean motion the duYerencciof 

; ■ ■ *=**'•' . - / ' 

' the mean motions : -j. : ±2 1. 

I ' * 

876, If by the continual addition of fome final! new foice which vanes 
inucifely as J:he fquare of the diftance, the ellipfe continually changes it^ figuie 
into 5. now ellipfe, but that, upon account ot the fmall vacation of the elhpfei 
<he computation of the variation of the tiaofvene axis may be confidered at> 

• made foi the fame ellipfe, then, if r repiefent the fum of all the forces added 
\fira -whole resolution, aftei a whole levolution LI—zr, in an orbit nearly 
ciicolai , hencc^tbe ferni-axis major = 1 r very nearly. If the foices be fub- 
t rafted, the major axis= 1 +?. If the orbit be a circle, the ladius of the 
ejrcRTwili.' be mcieafcd or duninifhed in the ratio of i ?. 

\ If b/the addition or fubtra&ion of this new foice, the axis major be 
cl urn milled or mcieafed by LI, and we take Pv — PI, v will be the focus of 
ih(N^w ellipfe; if the foice b'e increafed, then Pv is lefs than PH, and the 
aphides are piogreflive in the defeent of the body from the higher to the lower 
apfide, but from the lower to the higher apfide, they will be as much regreffive. 
If ihe’forcSHbe diminished, the Contrary takes place. Hence, in a whole revo- 
lution, the addition or fubtraftion of any new foice which varies inverfely as 
caufe no my t ion of the a. p tides. The progiels 01 legrefs of the 
..pudV tlierefore'clepCrid upon the mciement or decrement of the toise being 
in a greater or kfs ratio thafi the mverfe fquare of the diftance 

878. With the centei $*defcube the circular aic vr, and \ 1 H will be the 
vtifiation of the excentricity. *Now \ )H=\vH ^cof. % neatly ^(874) j xcof 2 
-£r*wX cof z a = r X cof. z + rwXcof iz—iw, and of thefe tluee quantities, 
the two firft will be deftroyed in a whole levolution by the oppofition of their 
figris, nnd the third is •conftant.' ’ If therefote r denote the fum of all the 
foices * acWer£, the variation* of excentncity in a whole levolution 
And if r and fly be very fmaM, the variation of excentncity becomes extiemely 
fmall, hence, thcvvaiutioij of the excentncity principally depends upon the 
increment. or*dcr remept of the force being in a greater 01 left ratio than the 
. mverfe Tquaic diftanee. ^ 

^ <- 8 7-9. If the gravity remain the fame, and the velocity be mcieaftd 111 the 
’’rano'^f su. '1 Pvt v being very fmall, then PE Pe . 1 1 +v 1 x • i+iv, 

therefore PE .ikd .. £ • zv, hence, Ll~\v- ptuxcof. z, The matoi avis 


V 
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, is ^«cfoie mcieafed in the latio of i : i + ZVf hence, the peiuxlu. imi; is 
increafed m the latio of r . 1+3^ If the velocity be dummied injht 1, tio 
of x 1 ts> then the major axis will be dimmifhcd in the ratio of 1 1 - zv , 

and the pel Iodic time in the latio of 1 i~ 3 v And in 1 eTpeft tonhe motion 
F ig of the aplides, whilft I> moves fiom the highei to the lowei ‘apf^e, oi'^hroiJoh * 

200. MCA , it the vclocity.be weafed or dimimflied, the diflanc r % Pw, Px Ironi 
the othei focus will be incteafed 01 dimimlhcd, and the apfides wjll nlovc\ 
backwaids 01 forvaids te m or n, but in the afcentfiom the lovwh apftflcb^ 
to the highei AJ, if the \elocity be incrcafcd 01 dim iniflied, riicn the -clillfincct 
tPv^Prhom die othei focus will lx intituled 01 diininithcd, anti the aplides 
^ill move foiwaids tor backwards* * V * 


V 








On the Alteration of the P'tgm c of the Moon's Orbit , [ufpojed to havs m ' 
Enentucily , and tie Variation of the Moon. 


* ^ 


0 < 

\ 


v ' * •/* * ' 

Fig. 8S0 The velocity in quadulurcs • velocity in fyzveies 4 _j_ • 

196. \ } - ME AJ£f ,* ' • 

\mxdx ME* (867) : 1 : i + l-x%J neatly • (as m = 0,005579.^,* ' ? ' 


K_o,99S6cg5, d — 1,0808,53) r : 1 4- -7 °° , hence, if we -tire- mean 

velocity = 1 1039, the velocity in quadratures = rog&g, and in fyzygies= 1 1089. 

Alfo, from quadratui cs to fyzygies, the increment of tfie velocity, and'/<7hh- 
quently of the aica, in a ciicular oibit, vanes as j*. ' m • 

Fig. S8r. Let ABjDC be an elhpfe, whofe major axA CB is veiy’ncaify equal to 
201. it’s minor axis AD, E it’s center, draw any*diani»ter MET, and fEK v ’<? 
conjugate dumetci, on which let fall a peipenchculai MO, and dmw 1 •’/ 

peipcndiculai to CB. Now by the . piopcity of the elfiplc, HE f — - 

‘ .. * J { \I * 

EA hence ME 1 ( = H E 2 + Mff* )=£C~- EC 2 - EAPx 1 \ - 

LA 2 

————— * hjCi % 

(as the ellipfe is veiy, nearly acnclc) EC 2 -EC-—EA ‘ nearly, .ml 

by taking the fquarc root, ME =EC-~£C-BX x iy:aily,i EC. * . 

EC—EA x fin. CEM 1 neaily; hence, in going fiom C to *A, ,the dimufi. 1 , 

of EM is in proportion to the fquare of the fine of the angle C$M* — ■ • ** 

• . * ’ tiz \ 


. t 
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ON THE THEORY OF THE MOON. 

\ 

082. Tf the mean diflance bo repiefenttd by unity, and e be flic difference 
between. the mean and the gieateft or Icaffc diftances, then EC=J?A f •» e, and 
. ~FM -- h. '1 4- ze— 2 e X fui CEM *= (as EA +-e~ T . and liu.~ CEfil* — \ — \ 
• coC % iCEM) 1 -f-^kcof. 2d'£M = i~rxcof. ijEM l 

If w« fuppofe the moon’s Dibit at firft to bate been a cnrcle, the dif- 
, turbing foref? will make the oibit an oval (P^T^^whpfe majoi jams CB lies in 
* f quachajjUi.es, and ttefminoi axis AD in [yzygi^C and as the minor axis DEA 
• is always dandled to the fun, whilft the eaith E i<K olvts abotit the fun, we muft 
•concciue this oval figure to tevolve m a mot cable plane about E, fo as to keep 
DEA alwSysldireded to the fun. f Tlys oval is very neaily an ellipse. For 
• 'lp.ke ’a very jinall arc Mm, diaw 1 the oidinale nit, and -mi peipendicular tj5 

' ME. Nbw if v be the abfolute velocity of M, then (867) v" 1 — -f- 

f \ % Ml* & * bTEl x s\ but the abfolute velocity of M it’s velocity in iefpe£t 

to the levd/ing plane J 1 ; therefore 111 relpcft to the revolving plane, we 

* f 4 \lfci\e tTieJqnaic ^ the “Vciocity = -^ x + 3 m x cl x ME ' xs‘ = M,n\ 

\ • • ► v \ >/ j 

^ \ Alj^uiTie foiee J^86j) at M= jjjTt + m * ME - 3 m x ME x j a = zMr, the 


v 

< 




faice being leprefented by Jhe fpace through which the body is drawn by that 
--Joice,-or by twice the figitta (808). But by limilar triangles, mr 1 . mt z . 


ME 1 MO% .hence. 


tnr* x MO 3 


1 


ME' 


— very nearly, as the orbit is 

EC x CA 


* 

/ 


a cirbloj^ alfo^ y the property of the ellipfe 3 MO— — — , and M) ~ 
\ME Z . Mr \EM 3 _ , , • 

'ImK'Tma' hencc ’ “ jTlFTTJP =i$ M TCi y ncail y- l 

EC— EA=i i — r,*and negledhng thofc terms wheic all the poweis 
_ of e above the fiift entei, and fubflitutuig {qs/Klr and Mm z then bcioic-men- 

*”■ • • ^ i *» 

tionuVvaluas, \\e get from the hit eoUation, x 3 = d z x —JCCLA MOL1 

’ . — — — " i - j/« \-$mil\ A A 

1 d’ , , f dx , d z 

— r- i A in x -?wt x i - — , and putting — we get 

1 - ) m * i — l m 1 ° t - J m ° 


J .. 







l 


J 
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/ THE theory op the moon. 

. and r Veloci J' ,J ) 1S very nearly in propoition to the fquaie of the fine of CEM, 
consequently (88 1) the point M defcnbes very neai ly an ellipfe upon the move- 


t 

7 . 




abie plane, >the m ajor axis of which . the difference of the fixes 
ntx i " (as 0,0055796, J=i, 080853) 7 V 5 = We, ’the 

ratio of the dilmeters is as 7.1,6 . 70,6, but as we haves^ere neglefted final! K 

quantities, this ratio is not fd coned as that which we ihall *ow proceed to 

detemuae. * 

• 1 • 

S84. r By Ait 865. the foice at A th^ force at C — 


■znx HE 

% 




L ' "S " AE* 

HE* + m * CE > alfo > ( 88 °) from the acceleration o&velocity by the ablatiUous 

*::'*:r loci * v : t 1 ™? at c ^ * x , b M f 

dent of tins acceleration, the velocity at A . the velocity afC •: CE *JE * 
_(So6) ; hence, the velocity at A : veloc.ty at C v x CE z AE Now the 
ipraient of the arc defcribed in a given tune is itT the' ^locity,*^Tm * 
fagitta is as the force; alfo the curvatuie is as the fagitta dne^djr'autl the* * 
fquaie of the arc mverfely , hence, the curvatuie at A : curvature 


9 




I 

AE 


■ z m x AE 


CE'- 


+ m x CE 


\ 


Fig. 

202, 


: i-zmx AE 1 : x CEK 


Fig. 

.',03 


v x CE 1 * JE Z 

885. When the moon is >» quadratures at C with the fun S, it will ddciibe 
above 90° before it comes into conjunction, owing fo the motion SS' of the. 
tun m the fame tunc. Now for the mean motions, the anole CEA : CE*i •• 

43 ' * I2// 44/5 or as the periodic : the iJWTfld revolutiJri‘ of - 

^r-.,e moon which put as 1 : A, and take Ea=EA, W a » th»-pkc*bf 4 he 

moon at the next conjunction, and the cmve defuibttf by the moon will be 
found, by taking Em= EM, untithe angle CEm * CEM d 1. To find’ 
the curvature of the orbit Ca at 6 a, with the center Ahclefcribe the tiede - 
Cu l draw the tangent C/i, andiiW, d* 4 ^ke Es=Er, amt the angle' CEs * 
CEr . d : 1, and produce Es to y, and con^cTeftlirai^ies CEv, CEt in <he.i 
evanefeent ftate; now as E) ~Es, and Ev = Ez , therefore )v=sjs ;UaJ as thd 
agitta reprefents the curvatuie when the tangent is the fame, we-have at the 

point , curv. of Cr . curv. of Cv :: tr : tv, and curv. of Cs,z curv. of Cv •• 
ys 1 yz', hence, * 

• 4 • m - • 

Curv. of Cr- curv. of Cv : curv. of Cv •• rv or*zx \<vt \ * - . * 

Curv. of Cv • curv. of Cs - curv. of Cv • zy zs * ' • ■ . y 


V 




v 


‘ curv, of Cr — curv, of Cv : cuiv, of Cx — curv. of Cv :. 


zy zgr,: 
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ON THE ‘THEORY OF THE MOON. ^ 


\ ' 

nUv the curvature being inversely as the radius of curvature, \he curvature 

of Cw may be»rcptefented by and then (by the propeity of tH| ellipfe) the’ 


i CE * 

curvature of Cr Ktt ’ hence ’ AE % ~ CE 

* ■> ’ • • J \ 

coftfeqhently -the /curvature of Ca at C 


curv. of Ca - 


CE'+iAE 1 


jlE 


a V 


mi 

v 1 v > ' „ „ ( JE l -\-rCE * 

' For t|ie'fanfe ^afon, the curvature of Qa at a= ~ d * CE 1 yAE ' 

• * - V * , ** 


, putting r=d'">~ i. 




-.ctnvature *m 





conjunction : the curvature in quadratures 

rJE 

.d*JE 9 xCE 

5 th*t£iean dtftance is unity, and the orbit is veiy neaily a circle 


Hence, the 

A E' + rCE* 
CE' x -AEj 


4 E i -^rC E : CE*+iAE, affuming AE x CE= i, becaufe 


Hence, from 




on ac 

x N> 

(hall 


ail rubers. 


* 

* 


f tlMaiyCiUl Umuuuu * _ ' , , ^r?t AVZ i 

chx and the laft Article, we have, 1-2 w x AE iv-\vmxCE -AE + 
rxCE . CE s + r x AE. Put i+.v = C£ and 1- x-AE, and fubftituting 
f 5 r CE cTrrd AE Jlrtftnnfkies, and negle&ing all the powers of# above thejyj^ 

x ^Tj^Tthe fmallnefs of #, and multiplying extremes and means, we ~- 

zpra Ample equation, fiom which #=,00716 ; hence CE — 1,0071 an 
=,90284, conlequently GE : ;*£-*-X007i6 : ,99284 70 • 69 in whole 

This therefore^ the variation oKjie foiin of the orbit anting fiom 
■ the fun, fuppofing that the orbit iSbuld have been a circle without 
thfc difturbing force. And as the orbit of theW is an ellipfe having the 
\ The earth in it’s focus, a& this ellipfe is nearly a circle, the fame caufe mutt 
produce' veTy^nearly th? fame effeft in the moon's orbit. Dr. Hal ley, fit ft 
^toc^notice rfW^nwaftioa of the lunai orbit m fyzygtes, fiom iheph®- 
nomena c£ the moon’s motion, and made the ratio of the diameters as 44 = 5 ^ 
4^,5, from observation.^/ See , 1 ns remarks upon the lunar Theory, at the 

*?ndof Jhis catalogue of the fouthern ftars^^x^ence (882), EM = 1 — 

cof ix A EM. ^ , 

1886 . From the alteration 1 oTtheform of the orbit, as explained in the laft 
ErtaCle^aiCd fiom the acceleration of the aieas (880), there will arife two 
brredhon§ t® be applied to the mean motion of the moon, in order to give the 
motion; the jOmt effe£t of theft two, conftitute^ on equation called the 
Variation. We fhatt confider each feparately, beginning with that anting from 
’the figure of'.the Jbrbit. L*t CA be the quadrant of a circle which the moon 
wotild* have defenbed-^om ‘quadratures to fyzygies without any difturbing 
- \. take £a,.'EA :: 69 : 70, and defenbe the ellipfe aC ■. draw MmK 


S' 


E 



peipen- 


Fig. 

204. 
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/ Tiuon of 1j5e MOONi . f 

perpendicula/ to EC, and join EM v„ / 

• CA revolving unifounlj, the an-de CEM ^ 1110011 111 tIle < l uaJ i/ nt 

•t’s true pfct urll be ? Kfcnt the m “." , C 

act delation 1 ' of the areas the rm i W * fo1 not lierc c °nfidei' no th e 

W p f pen^.u, t0 ig, .hVJL ^ ^ 


*“• P^Pe^caU, ,o id or ;o' °caS r S“l lK 

Area CEm, anM as CF 4 PR, , t , A area ^ & * area CEM . 
and the areas le (So s - J *pfopc'inoi”ul U £ ° ^ . in time, 

defenbed m the fame time tw ? h Tmj CEM - W l °- \ 

tlK- two angles deli, jbed by the" true’ „,j “ S ' ^ ( b pg f t-dllfdW <>1 ,V ,y 

■* *e cotrecl.oji'fioni ,1,„ ^ “ ‘“ J mc “ “M* W aliiuU) 

XX a°.t ^ r ce,era “ on ° f <4 ^ 

be 1 1039, the area, a, * and C will ? Mo!^,nd* ai!£i a CllbCd ‘ l)l ' 

Take therefore Ea . E* : /TT^T . /— d 10989 ln tlie ^ ame tune. ' Y - 

as 69 : 68,6875, and deicribe the eJhpfe a /£° 9 !nd 7 ** l* 039 ’* I0 9 8 frr>r^ 
the true place of the tnoon conefpoX to th , ^ ind ’ WllH)J V 

f<S 5 ? = , C *“ ■" <be conlUnf «: S „f°I b r e ^S K * w “ <* - 

given ratio , - but G E m is conflant theiofi™. Q» m a 

f£” the,e fo fe^?:1l-I C ^y:“t--A W >"''' ; ' 

2.Eh x : Eu~ verv nearJv 0 ^ ^ • * * 

0,1 account of it's very fedl uSmiion^th a ‘ ld ‘.£«s£*< , ng E, as conlWJS^' 1 
content, C&r-C&n vanes S' ’ !/“ 


content, “* ,ero " a aad *»U.W ban, - 

therefoie the il uxion of CE/i = v and utat A CE n ~ <ffg \ , “ 

’»» rf : „E, or .£ nearly, ’and „a 7“T “ ” r N< ™ » ? . 

** •’ ,iA '“ : “-2% confequontl/air- vanes asm or!frrf * £ > 

■ncrenjs* of the area C£r at r above the increMt’a^liPf^ 5 ? 1 ' ' 
-«rt5y nearly ns the fqnare of the fine of the an S.n M “i 4 '’’ ' - 

it mereafes as the aieas defcribed hv ^ %\ ECi and therefore' (98 o) 
mcreafe. Now btinpng „^f 0 t^^?T“ P lT U f “ f « S » 
the aiea C£r CEb we ' Ea ^indefinitely nc,u to Qr 

• 1 1 039 .: (880) the area defer, Shiv. ° 5 9 * / 1 10 f?'> J< 5 ** -v. 

defer, bed by the moon. As thcreforehfe»fSsS^* e . ^ *f ' ' 
C has it s proper ratio to the mean aiea CWh * i - ,, d ^ die mo »n fit 

m the fame trme, and ,t rncteafes 

has it’s true pofztion m lefpeA to the J L? k ’ , y * pomtrr the ™oo!i 

.here had bee^ nn accel/rauon of at ! ^ * * b '‘ e .have been ,1 c 
no acceleration of areas, correfpondma to the ^ the P la S^ f '.b=re had been 'B • 
angle MEn is the whole equation, 01 the Vmutm^ .y d 


m. if 


» 
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N • ' ON THE *1 llEOR-V OF THE MOON. 

^88. If we confidei EK as radius, Kn, KM will be the tangents of the 
mu? and mean motions, and the diffcience of the two angles will be gfeateft iu 
_ the oflants •* /therefor^ if the angle MCE = 45 0 , MK \Kn {•: 70 • 68,6875^ 
T ” un, 44. 0 27'. 28", confequently the gieatefl varialion is 32. 32 . 
Tl f Vweuld be thcpfiiV the moon defenbed 90° Horn quadratuies to fyzyyes ; 
bil aTit Jefcnbes/ gV^Ater angle in the proportion oi ap*.iodu to a fynodic 

revdiuti^l 5r* in lie proportion of 27/ 7//. 43' to 2 §d. 12 h 44, thciefoie 1 
, . A ) V Jf j if o.v^t n to" foi the tncateft van- 


m to proportion, « £,* £ to' fa. the gtenteft v,t- 

•ation.'rfEu ?A : EK :• im . m (nearly) = which (becaufe tm 

as nk) varies as EK x nK very nearly, or nearly as die fne of it EC, o* 
twjice the cfcftance of the moon fiom the fun; hence, the variation = 
IT J io v J\ ne 0 f twice tlie diflance (2X) of the fun fiom the moon In the 
*tr»(S of & moon from quadratures to fyzygics, the mean place M is bifas 
^' v hff tiuc v pww4*j and from fyzygies to quadiatures, the mean place is behind 

v — . ^ “variation at the mean diflance of the fun from the earth ; 

■ s xt (857) vanes as the fquaie of thejjjw^tiie^STthe 
ie cube of the diflance of the earth fiom the fun mverfely; 

, thejim^ oHhu fra qhc : the tune of the periodic icvo- 
it the^ean diflance CS\^j) of the fun fiom the earth, 
angle defcubed by the fun^Si the time d— 1, 01 by which 
the periodic revolution; aV let TCt be the angle de- 
the difference of thofe times, at any othei diflance CT of 
> p*th. Now if c — the excentncity of the earth’s orbit, 
nomaly, (868) the diflance of the fun from theearth 
C, t + fx co f.r, and th/angular motion of the fun in the fame time^ari^ 
(820) mverfely as the fqij/re o£ the diflance, and the angles SCs, TCt defenbed 
•by the fun may be confidefed as defenbed ujf the fame time, the diffeience 
- an Si e defenbed by the fun m'fhe difference of the times of de- 

^S^iWnii iinL : r+7 Tzrr‘ =l ~ 1 ' xca{ - r 

: id- 1 


1 +c x col. T 


I 'liis is MtLaccuyftely true, bat fafficiendy redriy fo for the purpofe for which we here 

■ * J3e " ' 

L ^ \e period of $e variation •being a fyjiodtc involution, it appeals, by alike reafotung as in 
I * y, that the^iror m^piopcrt on to the fcjiiate of the Jyno<hc tune of a i evolution 

and the"tu < &g^5the diftaace of tbr lun ^nveifely 

^ # F % 


• • 
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ON THE THEORY OF THE 


MOON. 

? 


'J, 


Fig. 

204. 


:: d— 1 : the time of defciibing ‘TCt = d~i x 1 — 2c xcol. T, therefore 
1 difference of the times of defcribmg SCs, T Ct, is — d-i x 2 ex £of T » confe. 
quently the time of a fjnodic revolution of the moon at^’s mean diftanj 

time at any other diftance : : 


/ 


1 — 2 c 


cof* T. 


Hence, the vacation becomes 35' 


- 10" x JL. . 


^ l + c 

10" y 1 -3,2j it?? c of. T y fin 2X , and if we i^k^the/jcxcen- 
tricity of the eai th’s*T 5 rbit to be ,0x681, when the fun is in l^’s apogee *ihe* 
yiuayon’will be 33'. 13", and in it’speugee, it becomes 37' 7'' * All tin 
upon fuppofition thaf the moon’s orbit has no excentricity, and that theb^. 
of CE . aE continues conftant, whereas that rauw tKpends (885/upon the* 
time of a fynodic revolution ; the orbit alfo has an excentricity , tfie variation 
therefore will differ a little fiom what is here determined. T Y c qg j^fbahleryed 
this irregularity of the moon j 

890. The annual equation of the fynodic revolution at ^Indifference of the _ ^ 
tirng^of def cr^hing S Cr. TCt, or — 0,1496 x c'x cof T, the rn?STf fyn Odj G'tl'&te' T? 
being unity. When* cof T= x, this equation becomes — ih 46' Ctijfof it’s 


,-vV 



Hence, the equation at 



^ltne will be,. 



being unity, 
maximum, 
cof. T. 


To find the Equation of the mean Motion of the Moyn, anfing from 
JDtfiances of the Earth from the Sun. 'T / 

A ^ *&!&**> * * ■> * + 

891. As the earth approaches the fun, the # mo^s orbit is (854") dilated, 
and as the earth recedes fronvthe fun, the orbit^s contraded, and this arifej 
from the diminution and augmentation of the diflurbing force 
the moon in the direction ME ; buXjie equal defcription 
times will not (805) be affeded by this 

tion and retardation of velocity from the ablatitious force, the acceler? 
one quadrant veiy nearly deftioys the retaidation m the next^ we 
confider the mean area defcribed to be always in proportion^to the tin * 
at the mean diftance urfity of the moon from the earth, th^aturaT an; y 
the moon to the earth being unity, the mean force pf tlfe moor>t f 
at that diftance of the moon=i — §m, but if f =t^true,anc^( Sf ^ lg 
fun, and the difturbmg force of the fun at the mean diftai.cejimj^.^ r e 

' the 




' t 


4 

1 

iw 




/ 
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i ' moon t^uie eart 

fiW-fl# ftv ce 
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ON THE THEORY OF THE MOON 

the^difturbing foice at any other diftance i + c x cof. T will (856) be 
* = 1 c x cof T veiy nearly, theiefore the mean foice of the 

hat diftance of the fun = 1 - | m X 1 - 3 <■ X col 2 . 
Ttired in the latio of 1 — \m 1 — \ tn + l tnrXcoC 2 , 
X&n. 2 T veiy nearly, therefoie (S74) the radius of «the 
. lg |6d in the ratio of 1 • x - mcX cof 2 ', and (875) the 
iOtionbt/he moon at the mean diftance ofN^arth from the fun : the 
fn5tionyit the diftance i+fX cof. T • xS-^4- $mc X cof. T, 

>r\: in tpe time m which the fun has defcribed the arc T, the mean 
of the moon : the equation of the mean motion fluent of T / 
..‘bf^Xcof. r . 3 «cxfin r, but in the time m which 

ftfn deflffibes T, the mean motion of the moon is y— x 7 , hence, 

uation of the mean motion 2T 3 JWfXfin 2~ } theiefore 

2139 


^^^eq^afion of the mean motion is x 3 nu x 

^ ~ aphiJftewto perihelion, and negative from 

JJ> 34 aphelion, t biannual equation isSflJse added to the mean motion 
dormer cafe, and Subtracted in the lattel When the earth is in the 
bn, the oibit of tie moon is dilated, and the moon moves flower j 
" , Jhr * is in the aphelion, tHe orbit of the moon is cont rafted, and 
%mSTmoWi fafter-'Snd the annual equation, by which this inequality is 
.-t&enuSj, is nothing in aphelion and perihelion, and at the mean^W^nce 
ofXhe ftrn it*is 1 2! 55" According to our determination. Sir I. Newton 
makes it 11'. 50", accosflin^ <0 Mayer it is 11' 16", M d’Alembert 
make s it 12'. 57"; and Halley makes it abpalf 13'; according to M. de la 

gjrfflon being in pioportion to fin T, 
fun’s center, that equation being in 
the excentricity of the earth’s 01 bit 




I — r — ^ 

proportion to the 
biwf^ vgrj( Small 



* Jiecaufe 
sarly. , • 



meat: 


toon of the fun is to the mean motion of the moon as 160 2139 very 


• * 
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ON THE THEORY 0? 1 HE MOON. 


/ 

To fi,td the Equation aifing from the Inclination of thJ 0> /»t to /'V A /<•//>. 


Fig. 

207. 


893. Let CABD be the plane of the eclipt 
moon's orbit, Nn the Jine of the nodes, AT 
fun, dmv r Ss 9 Jv, perpendicular to the nl 

r . I 


:chptic,|Wjj,i tty pkntjtfAV 
I the m'tvvi, Vi tljt- ipri h, ,y|ti. * 
lane NAiu, ■&! ir> A.ip**u s-j 

n 71 . t /a* u 1 » it. < C *4 T> K. i /\ k 




* JL r I liV WI tVLJL, if / / 

I * ^ v * w r I /•- j f ^ jjy *1 j 1 | ■ | , | *r 

C " t r i»^f«rpendicular to CB-, jom S.jU'j .rv| 

/Af, and <*a yd^Al produced Jet fall the pupemlkft.u 


_ W * T P^duced Jet fall the pupeml^Wt//. .P„*J 

t~Jr\ S ~ the Rne ofJwv the inclination of the oilk.an/jrf' ^ 
1 onlTdei the mean value of the fine of .SE V, J A J/J , " J 

vA—vs , and Ss^avs , hence, Es^^g 1 - a l v l s i im y/j 

alfo, = ^ + , 

**•(-*•+■* •) =«•+, 1=5^*:^^, 

1 - + 1 --UIXI-. neatly, 

X _ * y 

neailv. "NW ;<* . 

Ai*’ MS 1 • - -^^; s 

dif* -^<1^ 


^onfcqucntly V J 


of E and A/ to S, then ES : 
ejection £>, and SAT a. 


* 


A 


the attraction of ATnf J ^ 

jTy* 

/'h A/A'/ S ~* * 



r T :; MT* ; EQ? the a / 

reetton Ms , hence, ES : El .. EM • ur . 

V. -fid 3 , - 

of £ in. the direction Eilf, and sM z MI ■ ■ ^ J/.' ' ~*l*t 

X n of M “ *■ “■“■‘ 7 % ;^x m 
*******>■*&*%*, b ,\l sr . I ^:;‘ ’• « 

hcace, the d.ftuibing force In the _ . 

~ * “ 

^=--d. + 3 v 

. • a> + •> 
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ON THE THEORY OF THE MOON. 




*x cof zSEN. Hence, the mean force : the mean fence m diffeient fitua- 
tions\f tjie fun yi relp^ft t o the node . ; i in s z . i t|w s — £u s x coi. 2 S EN 

3 n - s — x cok zSEN=i - 1 «V X cof. 2 SEN nearly, therefore 

bs "Ui t 




i87J}S4h*eu.ie a y radJu^rofthe orbit will be increafed in the ratio of 1 1 +f u* 

f*xfcof. YoiJN, aijd (*875) the mean motion is dimmifhed in the iatio«of 
[, i- 4?Af 1 Xcof)e<SSJV J confequently the mean motion of the moon in 
he tM^toe ft^i^paked from the node through ti»<* angle SEN . the equation 

an mfotion* in the fame time the fluent of S^N,or SEN, the 

"^uenftf - 1 J s'x cof 2 SEN X SEN, or - £ N s ' x fin zfiEN. Now when f 
'fiia leaves the noc k^jit comes to the node again after it has defcribed an 
*K^T n gl e of ^bout 341,3% therefore in the time in which the fun has depaited 



node through angle SEN, it’s motion has been ■ - - X SEN.. 


rtT fjon- qr^ 


f the moon in that time has been 


» ill! * MM x SEff 

360 


360 

2 J 39 x 34 T »3 
160 360 

e^'mean^motion 


X 


the equation of 

*» if s' fesrtiij.^he equation of the mean motion 

x - k fs'x fin. a SEN=^fyrt"X fin. 2 SEN. But if 5 

liftance of the ntoon from the node, and X the mean diftance of 
from the fun, then zSEN = zS—zX very nearly, hence, the 
?*^buatifS8Ms — k'. 2 8"X fiff^S- zX, this equation is theiefoie to be fubtra&ed 
- » yfro^i the^mejn motion of the moon, in the tranfit of the fun fiom the^Jafides 
/ to /piadiaturls'from thencj, and added, in the tianfit from quadratures to 
^ the nodes. / • 


• ✓ 

[find 7k*JH^xmof th e Peuodic T we of the Moon, by the difinrbmg Foues. 

Jk- -M» the mean difhfnce of the moon fiom the earth be unity, «= 
p* velocit^of projiftion at that point, and x : p the ratio of radius to the 

"HLxmfeienCe of a^jpcle, \hen - = the periodic time of a body revolving in a 


; le at that *diMnce , and (8^9) — = the fynodic revolution. Now (867) 


ME 



1 X hn. MEG , 2 and the orbit being without excentncity. 


r 


it 



A o 


l 


/ 
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it becomes (883) elliptical, whofe minor axis lies in fyzygies. L/t z 
reprefent the fluxion of the aic of the angle MECko radius unity, 'then 
MExz is the fluxion to ladius ME, and the correfifonding fynodt c fluxio n - f 
1S d X ME X z. Hence, if t reprefent the corresponding fljs*dffol the / 


time, we have t 


- „ — + l d X m X ME 1 X nX JIZC 2 I &S 
. ^ ^ /v * . (' V a 

dxMEMjz± ~ . IxME'xz d*'** & ‘ 

{dXMXMfFxtf'ii. MEC 2 u 


I'erefi'i*- , 


x V 

6n~M£C*X z - ^ ut *=the diffeience between the mean difl^nce (1 
5 ‘greatefl or leaft dlftance , then (88a) ME— 1 4 eXcof. 2 MEC, th‘ 

ME 1 = i + zeXco l i, zMEC, and ME t = i + $e'X0ri zMEC, very'ndhi 1 ^ 

by fubftitution therefore we get t = - X 2 + 2 e X eof. zME U^ zy -v ^ 
i«X tin. iWM; a XZ + ^»X fin ~MEC l X jo f. z £±lEC X 55 - 

J J* * 

3 + ^*f 1 <c?^Ml!:Cx ;5 ;X|wXi-i cui. zMECXV^- ’ 

11 U MlZ+Ji 



^X col 

r 


Kern* cof. zMECx § — i^co^, 

x £ - 4 X | « X 2 + - X * W X cof. 2¥£C X 2/ negle&mg the c/* ^ 4^ 

terms on account of their ftnallnefs , hence, /=tXz — -jXlj 

» y* 


- 4 *x |«x fin. zMEC ; therefore the time^ a fynodtc re 


p — jX and the equation of the mean 

tMEC Hence, the time ofa^s wdtc levolution 


^ w J 

me^ a fynodtc reij|6iu^on 
*tnn^!s - xe + - X | w X fin. 


is 


*& 




If the moon defcnbe a circle with the mean radius "Ml i = r, the periodic 
is the fame, with the fame difturbmg force, %s appear- by taking' 

Now (818) the periodic time in this cucle (there being [no difturbmg 
= the periodic in the ellipfe which the moon would d<fcribe_if it wei 
difturbed, the udius of the circle being the mean diftfcitfe, and this f a | 
being nearly a circle, the fame difturbmg forces tnuft proctoce Veiy nca J 
feme effect in each cafe } we may therefore confidej»4k£ periodic time *: lr ^ 
moon to be the fame as that which we have here determint&i N • E7 v 

^ fr-. 



» 
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895. If theie had been no disturbing, force, the time of a fynodic revolution 
i\ ould -have been - x p ; confequently the time of a fynodic revolution is di- 

14 

d % 

mimlhed by the quantity in confequencc of the diftuibing foices. 

* _ m ** 

, I r 

Tbe time oka periodic revolution is dnninifhcd by the quantity | mp x — • 
f 

-> * 1 

* r 

~-Qv the Motion of the Moolis Apogee , and the Variation j>f the Exeats idty tf 
— **■ * 

- Orbit. — 


4* 


806 The principle upon which we here propofe to find the motion of the 
apogee, is, to find in what time the whole foice by which the moon is urged 
towards the earth -will diaw it through a fpacc in the direction of the 
v- radiu c «cdoi equal to the difference between the greateft and leaft diftances, 

" fetting off from the apogee ; and comparing twice that time with the 

tyne' of a revolution. 

807. To find the whole force with which the moon is urged towards E. Fie. 
"*TLe force of M to E (864.) » * EM+i m x EMx cof. zMEC, 

and if N be the higher apfide, and lie in quadratures, the force in that point 
— r 1 m x EN. the cof zMEC being then=o, and if this force at N 

: rhe centrifugal force i;t : 1, then the centrifugal force 

2 K | 3Ut - * t h e centrifugal force varies as the fquare of the velocity per- 

pendicuUi tcPthe radius directly, and the radius inverfely ; and the fquare of 
the eelocti-at A/= i » x EM '- ! * x EM‘ x cof. zMEC (866); 

alfo the fquare of the velocity at N m the o&ants n x EN', hence, 

- " . the 


» Tor in Art. 837. t>.e centrifugal force <wx varies as and as the rime is given, * Q 

Varies as vert ■- Urjcity m a direction peipendicular to the ladins. 

'Tuh. R F 
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JEN 

o tIie cenhifugal force i m x -J' at $ in the °&ants : the centufugal 


force at M 


m 


xEN 


+ l m x EM - | m x EM x cof. 


£]V 3 1 1 ' EM 1 

zMEC i : — — zj nN E.^ x cof, 2 MEC nearly, theiefofe tfie Cchtu- 




2W 


fugal force at M= c ~ xE ~ M 3 * 1 - ^ m * ^N 3 — 3 ~ x ^»- ^ c °f* 

i • ^ • • 

hence, the whole force of the moon towards £ = rjr- t — f » x I£M -P| #z x 


, r • FjV 

£M x cof. zME C r-jjji xi — \mx 

C X eLIVL * 


HP+ l myE ^ x cof. zM%C. 


898 Now in efinmating the mean motion of the apfides, all the teims where 
cof zMEC enters, may be negledted, for the following reafons. The cof * 
zMEC — cof 2 CEN x cof zMEN-fm. 2 CEN x iin. zMEN , hci\ce,‘ 

the foice 3 ^ x x co f. 2 MEC is compofed.of two'parts,‘the jjrft of which, ” 

2 C A H . 

having given the angle Ci?lV the diftance of the apogee from quackoluiCs, 
vanes as the cof 2 MEN, which, in the tranfit of the moon fiom the highes^ 
apfide to it’s odtants decieafes, and therefore makes the moon recede fuitfter^ 
from the focus , and thence to it’s quadratures it incrcafes and makes the 
moon approach as much to the focus, and foui tunes in every revolution 
this accefs and leccfs will dcllioy each other The other part, winch is as 
fin. 2 MEN, mcieaics liom the apogee to it’s odtants, and decreafes fiorp it’s 
odtants to it’s quadratures, and this alfo defooys ltfelf foui times m a iqo-. 
lutton If the cxccntricity be w, then (868, as cot. .ME N ) 

| mxEMx cof 2 M£C = | mXi+wXcoI. M£h?\cofi zMEC-, of wind, 
\mx cof zMEC is deftioyed, as before fhown , ’&lfo \ m X w X cof MENXj 
cof. zMEC is veiy fmall, and in'' the oppofite fituation of the apfidcSr has 
a different fign j the accefs and lecefs therefore from tins part of the'loiee, will 
deftroy each other in a whole levolution of th'e apfides,* In ellunating theie- 
fore the mean motion of the apfides, the teims in the foicc where zMEC 
enteis, may be negledted, the whole force therefoie in the diie^tion oi tile 

1 EN ' , mXXN* 

ladius may be heie taken = - 1 mXEM- + 2C ^m 3 ' . 


• I • * 

899. Let v be the velocity of the moon at iVf ill* the dircdlion ,v=» 

y . »x • ENt *. 

EM, then by the pi inciples of motion, vv=—-£ T +im&x-i; — y— X • 
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! _ m x x — 3 > whofe fluent corre&ed is i v % - ~ X EN Z - x\ 

2, X _ 

..i - , or v* a A X ... • 

zc X EN’ * 


- i Z \ m X ~EW X 


EN 

2 L X X* 


, — EN % — x % t* c 

2X x x EN* x -im x EX* x -^EN ' Bu * 1 

we fuppofe th e moon to be projec ted from it’s apogee in the odants, with the 

velocity y/^+lmxEN', and force of gravity “ i * x 

and which*varies from that point in the inveife duplicate ratio of the diftancf, 
^ the femi-axis majoi of this elhpfe, and • it’s excentncity 

we have (8*9) * : * therefo re we and 

x^^zEN x z-z 4 , we get a# x ==2Z ”“ a ^° z 

0 vr?=-«x J X z + I m X EN 1 x as% and - i- i « x * 
EN z -x* 


zENxZ-Z 1 . ! 2TOZ , . W2 - 

__^ = _ I _ i ^x^N 3 x*-y^-^ = --a2:+— + 0 +w 4 V+*z» 


l*X»X<f| hence, v’~ 1 


LI* 


X 




= we have v = “ X \/zez z ♦ 


x z _ i -2w xEN*XZ*, and if i -2mXEN 1 =d\ and 
a 

•uo mwxEb 1* • , 

IT “ za 

i. ~zmxEN % 
a * / 

900. The body beginning Jo defcend from it’s apogee, when it comes to 

V. perigee, w-o, theiefe = 2 ” + 3 ™ ; h ' n “* 

twice the excentncity 0/ the elhpfe defcnbed without any diftoibing force : 
the whole approach of -the moon to the earth in ifs paffage horn it s apogee 
to it's peuate by the difturbtng forces •, zw : 3mm 1 1 5 m. And as the 
difference between i> and ate is only the final] quantity %mw, the mean dif- 
tance of the moon from the earth may be coniidered very nearly equal to the 
femi-axis major of the eUipfe which would be defcnbed' by the moon proved 
‘fromlhe-apqgee in the o&ints, by a force varying in the wverfb duplicate MOO 

.of the Pittance. 

<jp i. tet Er-EN-En, then Nr~ze- y take the indefinitely iinall arc 
'M-n y and with the Renter E defcube the, cucular aics Mu as y a ‘ Ul ** ~ thc 
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defcent of the body towards E in the time of defcribing Mm, put Nt—z, 
4 s=z, t =the time down is, and diaw tv, sw perpendicular to rN, and wx 

xz EN-eXZ 


to tv. Then by the pnnciples of motion, i- 


^■s/TTz^'z 1 ' 
Nv . tv 


EN - e vw , xv , . „ . . 

—y 2 — x ~ + ~ 2 ~ > whole fluent is t = 


d^/zez — z* ^y/zez — z* 

r EN - e 


X — 4- —t j and when M comes to n, the whole time of defccnt frcJmjhe 
e cl 7 

EN-e ]S[ *" ^ 

higher to the lower apfide becomes — ^ — » x —j— = (if i : p -i ladius : 


w 


m w x EN 3 


a + zv - 


2 a 


EN - e 

cncumference) | j) X ~ = f p X 


~ - zmx EN*' 

a 




21 % X 21V 1 


|j> Xi zmxENf ^^ anc f jf the mean diftance be unity, then EN= i-py, ", 


I 


z m 


XEN 


* 


and e being very fmall, EN S = i + $e, EN 1 = 1 + 2 e nearly; hence, thcj 
rime from rhe higher apfide till the return to the fame apfide becomes 


pXi a »X 1 + jf — Z 2 C- - 1 ~~ } and th e orbit being nearly circular, a is 
- — wxutid’ — -2w|’ 

P r 4 

nearly = 1 ; hence, the time = ^ _: ~ 2 ~ 7 er 7 ueally. 

*■ is 

m ft * 4 ) ^ 

902. By Art. 894. the moon’s penodic time is ~ | m X - ; hence, the mean' 

time from, the moon leaving it’s apogee till it returns to it the mean periodic 1 


time 


P 




- - | m x ~ : —-J== 
u u s/ 1 -2W 




Now 


»?=, 0055796, and »= v/ 1 - £ ^ = ,9986041 , hence, th^ above ratio be- 
comes 1 . ,9916199, therefoie ,9916x99 • 1 : 360° : 363°. 2'. 32", 3916 ; 
confequently the motion of the apogee in one mean periodic revolution of -the 
moon, is 3 0 . 2’. 32", 39x6, hence, 27 d. 7 k. 43'** 36 5 '6^. 9' 3". 2* 

32",39i6 • 40° 40'. 20" the mean progieffive motion,of the apogee in a" year. 
According to Mover’s Tables, it is 40. 0 . 41'. 33". 
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903 If for a we put \/ 1 ~ i nt 3 we have the mean interval of tune between 

the paflages of the moon through it’s apogee : it’s periodic time * — JL. ^ 

\/i -zm 


-lax 


— 1 1 . ,. m . . a , — 

v/i-lw * i-im 


m 


1 — \ m 


— Zmx 


1 - i m 


nearly, 


1 +m 


— : I 

■ tn 


. i+m, : i + I)«-|afx i+i»i nearly, i + m -• 

• . 1 * ; 

•1 + | w ■ 1 very nearly. Hence, the mean motion of the moon . the mean 

piogi efltve motion 0/ the apfides :: 1 • \m. But this is the mean motion of 
the mooh, and anfwers to the mean diftance of the earth from the fun ; but at 
'jpny Qtlher dilfance i-f <rXcof T of the eaith from the fun, the difturbmg force 
of the fun (891) is 1 — 3.^ cof T , hence, in general, the mean motion of the 
moon tne mean progreffire motion of the apfides, including the annual va- 
riation, 1 ;x«x 1-31 x col. 2 , therefore the mean progreffive motion 
of the apfides in the time the fun defcubcs the angle T : equation of the mean 
motion in that time .. fluent of T . fluent of -3 c x col. 2 x 2 T - 
— 3c x l?h . T , but in the time the fun dcfcribes the angle 2 \ the mean mo- 

equation of die mean motion :: T : - %c x fin. T, therefoie the amual 


tion of the apfides is — ' x T , lienee. 


equation of the apfides = - 3c x — x & 1 * ^ = — 19'. 35" x fin. T. 

Sir I. Newton makes it 19-'. 43^ 

. 904 By Art. 864. the force of M to E — l « x -ME +-4 m x ME 

*■ 

x cof zM.EC', and at the. lnghei apfide N, it becomes j- r — —\mx NE 4- 

x NE x cof. zNE C , now if the force from N were to vaiy inverfely as the 

fquare of the difllnce, at M it would become jdE* — ^~~ ^L x 

1 — 3^of 2 NEC-, and by changing the angle NEC, the ellipfe is continually 
changing jn*o a new one , tfut it the 01 bit be veiy neatly acncle, the excen- 
tncity and pofitionjof the apfides will (877, 878) not fenfibly be altered in a 
whole revolution Hence* the motion of the apfides, and the vamtion of the 


m x NE 3 


excenmcity, depend, tfpon \ m x ME x 1- 3. cof. 2 MEC -f — T>rp~ X 

! — 3* cof zNEG, which* is the difference between the leal force at M, and 
wha^ would have been the force if it had varied inveilely as the fquare of the 
dillance from 


905. The 
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f)i x 2$ IL ^ 

905. The forces — f mx ME + » 2 ME? r aie ^ ^ ame> ver ^ jaear ^ r » * u 

every fituation of the apfides , alfo the force 3 m x ME x cof. a MEG (m 
orbits nearly circular) deftroys ltfelf in every revolution, by the oppofition ot 
it’s figns Hence, the variation of the excentricity and the inequality of the 
motion of the apfides, fo far as they depend upon the iituation of the apfides, 

offi % 22" JE ® m * t 

arifes from the force — - x cof. zNEC, which vanes as cof.- zNEC ** 

lietily, in an orbit which is veiy neaily a circle. Hence, .the whole inequality, 
of the motion of the apfides m their tranfit from quadiatures C to iy is in pm- 

r ■ 

portion to the fiuenfof cof. zNEC x iNEC, oi to fin. 2 NEC, 01 fin r 
the diftance of the apfides from fyzygies. By obfasvation, this greatefi vaii-' _ 
ation of the true from the mean place of the apfide is about xa°. 18', hence, 
tins equation of the motion of the apfides = 12°. 18' x fin. zNES. 

906. Let the abfolute gravity in the higher apfide N= and let it 

vary from that point in the inverfe duplicate ratio of the diftance, and Jet w be 
the excentncity of the ellipfe fo defeubed, and a be it’s femi-axis major,* then • 

(829) the centrifugal force at M= a -^- x • Now ( 9°5 ) the variation . 

of the eccentricity depends upon the force - * cof. zNE C. HcnccT 

if « = ME-, v — the velocity in direction of the radius, then vv ”" r ^ 


x * 


4 - 


OC r X 

~ 2 * x co ^ ^EC + Jxi - — X EN X — , whole coired fitienc 

b 1 WZ -r Z l 


- X‘ 


(if z=EN—x) is v * = 


EM' 


X 


^ikXEWx cof. 2 NEC x 


J[m~ JN> now the term 1S equal - x cof. 2 NEC X 


EM 1 


EM 1 
sT 


EM ~ W=- i W L3 Xcof. zNECx*-^, hence, 

2 bwz-bz* ^ r „ 

- 3 m X EN 3 x cof. 2 NEC X z + 3 m x EN* x cof. zNECx A) 


[ 


a 


but the body defending from the higher to the Tower apfide, this velocity - 
at^the lower apfide vamlhes; therefoie if we rqa^.e •$ =«o,‘ we'gc tz ==" 


ibw 


-$mx EN' x cof. 2 NEC 


7-3 mXEN'x cof. 2 NEC 


the whole fpace through which the body, has " 


^defended 
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defcended in the direction of the ‘radius vedor, in it’s motion from the higher 
to the lpwei apfide, or twice the excentucity of the orbit defcubed. Now 

b i 

(864) the force of gravity in the higher apfide = i m x EN +i » 

X ENx’cdf. zNEC , and if unify reprefent the femi-axis major of that orbit 

I , * 

which would be defcubed by the mean force f » 2 X EN in the higher 

* ‘i r 

apfide, and that force be mcreafed in the ratio of r=r*rl - 1 tnxEN : =77* 
, > EN « EN* 

-^mxEN’+imxENxcof. zNEC, or as 1 : i + | mxEN 3 x cof INEC, 

« ./then (874) by this increafe of force, the femi-axis majoi 1S dimimfhed in the 

^ fatio of 1 1 — :» XEN^X cof zNEC , theiefoie unity being the femi-axis 

major by the foimer foice, the femi-axis major a by the lattei foice = 1 — r m 

XEN*X cof zNEC. But b = 1 - \ m xEN 3 4- \ m X EN 3 x cof zNEC , 

b 

hence, - = 1 — \ m x EN 3 -E-W x cof 2 NE C , confequently z = z tu — 


^ ; r x .EjV 3 »< cof zNEC _ 

•*i -4 »ix £iV 3 43ffZX-EiV 3 xcol 2iVis C — 3 /w X &/V x col zWEC ~ 2W ~ 
x. N* x cof 2, ZV 2 CJ 

2 7-^3 — * — nearly, theiefoie the vanation of the cxccntncity 


v K AT 3 x cof C 

ss ~E iV 3 * ^ ence ’ t ^ ie variation is in pioportion to the 

cofine of twice the diftance of the apogee from quadratures, or twice the dis- 
tance of the apogee fiom the fuh. 


'90*7 When the apfides aie in the odants, cof. zNEC=o ^ and the excen- 
tncity is there the mean When the apfides aie in ljzygics, cof zNEC= — 1, 

r 9 0 7 }l x h 1^1 ^ 

aryl the vaiution of excentricily = , the me in excentucity being 

then mcreafed by this quantity, on account of it’s being pofitive When the 
apfides aie m quadiatmes, cof zNEC— 1, and the variation = — 

o YYi AT 3 

a~ - nixEN ^ W ^ 1C ^ ^ ein S negative, fhows that the mean exccntnciiy is theie 

dimimfhed by* this quantity. Hence, the excentiicity is mcicafed wlnlfi. the 
apfides move^fiom quadratuies to fyzygies, and decreased whilft they move 
"Thom tyzygies'to -quadiatuies. 

t m r f * 

^9o6.*As m= 0,005571^6, ?ind EN— 1,05505, the mean diilance being 

'unity* and the mean excentricity =,05505, we have =0,00986 

the greateft .variation 'of the excentucity from the me..a cxccntncity. By 
‘ * r , obfervauon 
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obfeivation it is 0,01168 Hence, if X — the mean cli fiance of tlie moon 
fiom the fun, r = 0,0x168, the excentucity = w + r X co£ 2Z — 2X veiy 
nearly. „ 

yoy. By Aiticle 905. tlie principal inequality of the motion of the 
apfides varies as the fine of double the diftance of the apfidec fi dm fyzygics, 
aird is equal to 12 0 1 S-' X fin. xNE S. Now if we make the mean excenuiuty 
(,0^01;) indius, then ,01 168 will be the fine of 12 0 18' very nearly. Hence, « 
Sir I. Newton gives die following conftunftion for finding the excenuicity 
Fig. of the 01 bit, and the equation of the apogee Let E be the locus of the 
208. elliptic" orbit di (cubed by the moon M ', and EK.FI the mean "place of the 

apogee, cotie&ed by the annual equation (903), EF= ,05505 the main c?-^. 
ccntncity, EK= ,04387 the lead excentricity of Abe moon’s oibit, and EI= , 
,06671 the greateft, bifect KI in F, and with the center F defenbe the 
circle IHK , take the angle HF 1 equal to twice the diftauce of the apogee 
fiom fy?ygies, and EH will be the excentucity of the oibit, and tlie angle 
II EF tlie equation of the apogee, neaily. F01 the angle IIEG being fmall, 
we may contnler EH = EG, theiefore EH—EF — FG — cof HE I — cof^ 
twice the diftance of the apogee fiom fyzygies, to the radius FI , but* (906) * 
the variation of the excentucity vanes as that cofinc, therefore if the cofine 
exprefles the value 111 one cafe, it mull always expiefs it', now when H comes 
to I (or the apogee is in lyzygics), FG becomes FI, and exprefles the 
vanation in that calc, by conltiudhon , hence, FG exprefles, in general, the 
vauation, confcquently EH will be the excentucity. Alio (on account of the 1 
fmall vauation of EH ) HG may be confideied as meafuring the angle IIEG , 
and HG is the fine of HFI twice the diftance of the apogee from lyzygics, and 
(905) the equation of the apogee varies as that quantity ; theicfoie if flEC 
expiefs the true variation in one cafe, it mult in all /now when G coincides 
with F, GH — FD ( FD being perpendiculai* sq KI), and the angle DEE = 
12° 1 5' which is very near to 12 0 1 S' the greateft equation, hcncc, the angle 
IIEG always exprefles veiy nearly the equation of the apogee 

910. Produce EF to A the apogee of the oibif, and let L be the other 
focus, join MF, ML, MH, and on MF let fall the perpendicular Hvl diaw 
Aw parallel to LM, and ES fowaids the fun. Now (227) zE hl-F is the 
mean equation of the center, and zEMH is the equation at tlie given tune j 
hence, zHMF is the difference of the two equations, or the EveEtwu, whole 

fine is , 01 nearly = x fin. JIFM. Let £ = tta angle 

MLA the mean anomaly of the moon ; alfo let Jf*the diftance of the-meah 
place of the moon fiom the fun, or the angle SEiv, and z = LME = ALEiv C 
then £ — z—AEM. the true anomaly of .the moon, aad X-z = SEM, and 
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as the moon moves quicker from the apogee than fiom the fun, we have 
7j - X=SEN the tiue diftancc*of the fun fiom the apogee of the moon, 
hence, *zZ — $X~HFI. Now MFA is very neaily -MLA—Z, thudoie 1 
MFH-2X-Z, -hence, if the mean ra dius of the lunai orbit be ailumed 
unity, wq have the evefhon — zHFx fin zX— Z. Now tv turn zX— Z = go*, 
the evedion i= 21/^= 0,02336, winch is an aic of i°. 20', 18' the gi catefl 
cve&iojij hence* the evc&ion at any othet time is- i 3 . ao'. 1 8" X fin 2 .X-Z, 
it being mamfefi; fiom the confhu&ion of the figure, „ that when zX-Z is lefs 
, than x8o° the equation is fubliadive, and additive when it is gieatei. 

• • -» 

•s 

• • * 

1 On* the Equation whch~depen<h upon the Place of the Apogee of the Moon in 

refpeSi to the Sun 

qit. By Art 864 the difixubing force of S upon M- - \ m x EM + 1 m 
x EM x cof. 2 MEC- - i m x EM- l m x EM x cof. 2 MES = - \ m x 
EM x 7+3 x cob TMES But (868) EM= 1 - i w' + w x cof z + | x 
cof. a z, negleding the highei powers of w, hence, the difturbing force = - 
| w x 1 - i'vf X x 4-3 Xcoi 2 MES mwX cof z-|m’X cof 2 z-hmw 
^ cof. zMESx cot z-\mW l X cof. 2 MESx cof. 2 g= (as co f zMES x 
cof 2Z= $ cof 2 MES + 2 Z + I cof 2 Z — 2MES) 
x _j_ o x cof zMES—\ mwX cof z— £ wat l Xcof zz— l wzvXcof. zM ESx 
cof z-\mw % X cof TMKS + zz - 1 » w* X cof 2 z - zME S Now 
z-M£S = SAN the diftance of the fun from the apogee N of the moon, which 
‘is conftant in a whole revolution of the moon, when the petition of the apogee 
in refped to the fun is given , alfo, -\n is conftant , and if we negled | mw* 
on account of it’s fmallliefs,- all the otliei teims will be defhojed by the op- 
^>otition of their figns, in a revolution of the moon Theieforc when the 
pofition* of the fun in refped to the apogee of the moon’s oibit is given, the 
mean difturbing foice lh one lcvolution of the moon is - im - Imw X cof 
zz-zM&S Hence,* the. diftuibing foice is greateft when the line of the 
apfides pals ^ through the fun, and lcaft, when it paflls thiough quadratures 
m refped to the ftm. 

§12. Hpnce, the mean foice of the moon to the earth the mean foice 111 
one ievelutjon of the moon in any given fituation of the apfides 1 -1 >n : 

l^^m-lfhw'x cof. 22 - » MES ( 2Z-2X ) nearly, :• 1 
*co£ zZ- 2X neaily. *But if w = the mean excentnci ty, and r = ,01168, 
th?n will the tiue cxcentricity be equal to w+? xcof 2Z—2X (908),, an$ 
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confequently it’s fquaie is ©’+ 2>w x cof. aZ — zX neaifi , fubfutute 
this theiefore for w l m the above piopoition, and we gel the mean force 
of the moon to the eaith : the mean foice in any given lituation of the 

aplides * i I — | m Xvf-\r 11 iv X cof i'L aAXcof 1 Z — zl = (,.s coC 
aZ - zX x cof aZ-2X=§ + | cof. 4 Z- 4A) 1 - §»to* x c?f rZV zX - 
| rrw X cof 4Z — 4^ neaily, hence (875), the mean motion of the nmon is 
changed in the ratio of 1 • 1 - £ mv?X cof 2 ,Z—iX~ % Mr tv x cof 4^- a 1 ; 
confequently the mean motion of the moon in the time the fun dt parted Troin 
the apogee thipugh the angle Z-X the equation of 'the meui motion in 

- <T\ • 

that. time the fluent of Z-X, 01 Z—X, • the fluent of — £ //, w* Y- co£ 
2Z-2X X Z — X -$t?>twX cof 4Z-4X x Z-X,j>i - l miv- x fin nZ- i'X? 


- ~ mr-wX fin. 4Z-4X. Now when the fun leaves the apogee, it conics 

to it again aftei it has clcfcnbed an angle of 405,7°, as appears fiom the mean 
motion of the apogee found in Art 902. Theiefoie in the time in which the 
fun has depaited fiom the apogee through an angle Z-X, it’s motion has 

been X Z — X; hence, the mean motion of the moon in that time has 

been x X Z —X , we have theiefoie — ^ x —^2 x Z—X - 

1 ho 360 i’6o 360 

the equation of the mean motion Z—X : — i mvif X fin zZ — zX — 
0 , 

— mrwxiia. 4Z-4X, confequently the equation of the mean motion is 
— X — X | midxfin. zZ — zX— x — 


160 


360 


160 360 

fin. 4Z-4X= - 20" x fin. 2Z- zX — 2,1" x fin. 4Z - 4X. 


X 


16 


mriv x 


"Zo torreSi the Equation of the Center of. the Moon . 

r* 

913. If w be the mean excentucity of the moon’s orbit, Z the correlpondirK* 
mean anomaly, the true anomaly =Z- zwx fin Z + -vfrx fin 2Z (870*) 
omitting the other terms, but (90S) the tiue excentucity = *v r X. £of. 
zZ-zX, and the fine of the aberration of the qjtfidc noth the- mean*p lace 

= to X fin * (9 2 4)* Now (903) the annual equation of the mean 

r 

suction of the apogee is — fin. T , and therefore Z corrected by ^p- 
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plying this concftion of the apogee, is Z it)' 35"* fin. 2 , alto, thefe is (2 91 ) 
an annual equation of the mean motion of the moon=. 1 1\ ^"xfin. T , applying , 
theiefore* this corredion alto to Z, it becomes Z-\- 32'. 30" X tin. I No,v 
m the iecond tein* ( — sioxfin, Z), fubflitute for l*n. Z it’s mot c cornel 
■value, fi«- # (Zjf* 3 2,/ * 3 ^" ^ fi n • Z)=fin. Z-\-^Z. 30 // Xfin j. X cn‘ Z, and .1 
new term — zw X 32'. 30" X fin 2 x cof Z is mtioduced, which is - — 

0,2' 30" w X fin. *Z + 2 ""+ 32'. ^o^iuXtin. Z — If we weie to con .<ft this 
* iecond. term, by fubftitutmg foi w and Z then coimdted values w + '< x cof. 

2Z — zX and Z— x fin. 1 zZ - zX, as we do in the conedian of the thud 

• . * w • 

. term, .it would produce the evedion, which we have *iheady detci mined 
1(9x0). • Next, in the third term w* x fin. zZ), 101 w put w + r x 
cof. 2 Z — a! (908), and for fin 2 Z wriie the value of it coi- 

ledted for the pnncipal equation of the apogee, that is, tin. [iZ — — X 
fin. 2Z-2Z) = fm. 2 Z - — X fin. 2Z-2X x cof 2Z neaily, =fin. 2Z ~ 

’ v fin.' zX- - X fin. 4 Z - 2X, and we get thefe new terms \ rwXtin zX 

* V) 

*_ 4 r wX fin. 4Z — 2X+ | rw X fin. 2 Z X cof. aZ - 2X nearly, = (as the latt 
term = \rw xfin, 4Z— 2X+1 r® X fin. 2X) \ rvo X fin. zX. The pre- 
ceding corredion Z + 32'. zo" x fin. T of Z was not heie introduced, 
on account of the fmallnefs i of the equations which it wo uld ha ve produced, 
lienee, we have thefe new equations , -3a' 30" wX fi n Z + Z>3 2'. 30" w 
X fin. Z — T + 4 rw X fin. zX = — i'. 47^ X fin. Z q - 1 + 1'. 47 ' X fin. Z — T 
4-5' 3i"-Xfm«2X. 

^ • 

* To corrlEl the Equation of the Vaiiatton of the Moon 

# • # 

914. The variation of the moon as aheady determined (889) is 35' io"X 
1 — 2,29*9? x cof 2 x fin. zX= tc^X fin. zX— 3j29£KXcof. Z*>^ fin. zX. 
Now (870) the difaeience of the true and mean places of the moon is 
’ _ zwX. fin Z, omitting the other terms of the ferios*, but this is without 

confidesing the aitnuSl equation 4-I2 , 35 Xfin. Zl 01 ,00375^ X fin. Z, of 
the Indbn, hence, the diffcieflce becomes — wXlin. Z+,003758 xfin t T - 9 
•and confid$ring X as the* mean diftance of the moon fiom the fun, we have 
X-lw Xfin. Z + ,003758 Xfin. T foi a corroded diftance of the fun from 
. * • g 2 the 
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the moon ; hence, fin. zX becomes fin (2X— 4 wxfin Z-Kooy^ifixfin 2 ) 
—fin. zX-A^X fin. Zxc of aX+ ,0075 16 X fin. Tx cof_2*=fin 2X-2W 

X fin zX-h Z 4 zzv X fin 2X— Z + j°° 375 ^^' ^ n * 2 '-^"b > 0o 375 ^ X fin. 

ZX-f- Hence, the conefted vauatio n of the moon becomes 35' io" X 
rfin zX-zmjx fin UT+Z+iwX fin zX-Z + ,oo 3 >j S 8x*m.?2X-+X- 
^ 7s 8 xfin.ar^T>- 3 ,a 99 X 3 S' io"x r X cof. Tx (fin ^-2®xk 
TT+t + awXfin IX=T) neatly, omitting the other two terms on -account - 
of then fmallnefs But the laft term, after actually multiplying each pait of 1C^ 
into cof T, may be fuither relblved into — 3> 2 99 X 35 . j° x f xr( § fin. 

2 X+T+ f fm 2 X r 7- iv X fin iX+zTi — w X fin. aJf+.Z - 2 +wX fin. 
zX- Z +T+ w X fin. aX—Z-T. Hence, befi des the equation 35'. i q"X zX,„ 
we get the following, 35 '- to" * (-27»X fin zJf +Z +2K.X fin, i-lf- Z + 
,003758 X fin. CZ+7- ,003758 X fin. aZ-n- 3 ,299 X 35' ;°‘X_'X 
(| fin 2l+f+ |fin fin zX + Z + X-zo x fin. 2X4- Z - 7 

4- w x fin zX- Z + T+zv x fin zX-Z- T) = - 3' 5^ x fi n - a-*'+ z +* 

3' 52 " x fin ixX 2 + 7", 9 X fin. 2X+ T — 7", 9 X fin. aJf- T- 3 8", 4 X fin , 
XX+T- 5 8", 4 X fin . zX -2 + 6 ", 4 X fin 2X4-Z + 2 4 - 6", 4 X fin zX j- Z~ 2 ' 

- 6",4 x fin 2 X-Z + f- 6 ", 4 x fin. zX~ Z- 2 — - 3'. 52" x fin zX + Z m 
+ 2! A 2" X fin. zX-Z - 50^5 X fin 2X4- Z — 1' 6",3Xfin zA — r + 6 ">4 
X fin. 7 X+Z+r+ 6", 4 Xfin. zX+Z-X- 6", 4 Xfin. 2^-Z+r-6",+ X 
fin IX-Z-T 

915 The principal pait of the variation is 35'. io"X fin. zX Now let 2 X 
(double the diftance of the moon from the fun) be coirefted, by taking two 
terms (870) of the equation of the center of the moon, that is — zwX fitfr Z 
4- 1 «;* X fin. 2Z, and then 2X becomes zX— 4zt?xfin. Z + f w* x'fin. 2 Z , 
fubftitute this therefore for zX into 35'. 10" x’fin. zX, and we get 33'. 10 
fin (2X-4TO x fin. Z4-iw a xfin zZ) =35' io / 'x(fin aX-^wxfin. ZX 
cof zX+{ w % x fin. 2Z x cof. zX) , and the two firft having been already 
confideied, there anfes a new equation 3 5'. io' x j tci x fin. zZ x cof zX 
=s 35'. 10” x | w* x fin. zZ -\- 2 jX 35 '‘ 10 "x^zv xfin. zZ— zX=Z x fin 
zZ + zX + 8" x zZ-zX. , * * 

916, The principal part of the variation may alfo be corre&ed, ifX be 
corrected by the equation of the evefhon, or if for X we fubftitute X— zr x 
fin. zX— Z (9 to), in which cafe we get 35'. ^io'^x fin. \ zX— 4 r x fig. 
2^_ Z) =35' to" x fin. zX— 35" 1 o" x 4 r x cof 2Xx fin „2X — Z , liqpcc^ 
there anfes a new equation — 35'. 10" x 4 r x cof. zX x fin. zX- Z=~- 35'^! o" 
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xzrxfin. \X- Z + SS'' io"x«2rxfin Z=- 49" 3 x fin. 4X- Z + 49^3 

x fin. £ . 

9x7 The variation will alfo vary in propoition to the dilluibing foice of 
the fun. Now (893) the mean dtftuibing force . that difliubing foice which 
aiifes from thf different fituations of the node of the lunar orbit • x ! J* x 
cof 26 — zX; hence, there anfes anothei conedion qf the vai iation = 35'. «io' 
yiSt fin. zXx cof. ^TX= 3 $'• 1 fin ' zS + 35 '- I0 " * * ** * fin - 

4Z^aS= 1 2", 5 x fin. 2S - 1 2", 5 x fin. 2S-4X 


g# cot) eft, ihe Eqiiciton of the Eveftron of the Moon. 


918. The evedion (910) is -2/xfin. zX- Z, and r=HF, which (906) 
is proportional to m, 01 to the difturbing force of the fun, therefore, in 
general, the evedion = - 1 - 3 <r x cof Y x 2 r x fin. zX-Z 5 there an fes theie- 

. fore a new equation — 6 crx cof* Yx fin 2X— Z — ^ct x fin. 2 X — Z 4-2 -I-3 cr 
* x fin zX-Z- T= + z\ 1 " x fin. zX-ZT+Y+ 2! x fin. zX-Z -1 

919. On account of the various fituations of the node, the difturbing force 
*(£93) varies as 1 * i+is 2 xcof 2^2!, hence, the evedion becomes 

- x+f ^xedf. iS-aXx 2 rx fin 2 X-Z, there anfes th erefore a new equation 
• = - $rs*x cof. zS- zXx fin. zX-Z= - ; rr 1 * fin. z S-Z- f rr l xfin. 

4X-2S - Z — - 29" x fin 26 -Z- 29" x fin 4A-2S-Z 

920 If double the diftance of the moon fiom the fun (2X) be correded by 
the*annual equation (891), it becomes 2X+23'. 50" x fin. 2 , and if the 
mean motion Z of the moon from the apogee be coirefted by the fame equation 
1 a'. 55 ,r x fin. r, and by the annual equation- 1 9' 3 $"* fin Y, then Z becomes 
5 + 32' 30" x fin. T, hence, 2 X— Z becomes zX— Z— S' 40" x fin. Y, 
thciefore’ the eved*ion becomes — zr x fin. {zX — Z — 6 '. 40 1 x fin. Y) = — zr 
x fin, zX- Z - 2 rx 6 '.^o"x fin. Yx cof 2 X~Z, hence, there anfes a new 
equation —, r 2f x 6' 4o"xfii> Y x cof. zX— Z = -r x 6' 40" x fim 2X — Z-f-Z 
q- r x 6'. 41/ x fin. zX — Z — Y — — 4 §" x fin zX— Z 4 - 2 4 - 4 \ n x fin, 
zX-Z-Y 

5* 2 i. Hcncp, we^have the following equations of the moon’s longitude 
(reckoned upon it’s orb 11 V to be applied to the mean in order to obtain the 
nruq longitude, .having Golle&ed into one term, all thofe which have the fiune 
* argument: 

. ' ' L- 
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a. . . . - 6 ° 

jr . . . + 

in. . . . 


vi . . e . + 

VII. ... + 

VIII. . ' + 

IX c. . . 

' X ... - 

XI. • . . . — 

XII. ... 

xnr . . . + 

XIV. . . . - 

XV. . .4 

XVI . . . - 

XVII . . . . - 

XVIII. . . 4* 

XIX. . . . + 

XX .... + 

XXI . . - 

XXII. . . . - 

\ XXIII. ... 4- 

XXIV. ... 4 


17'. 

-7 

1 fin. 

Z. 


*3 

0 

fin. 

1 Z. 


0 

37 

fin 

r~r 

V 


i 6 . 

26 

fin 

2 x-z 


3 

5 ^ 

fin. 

2X4 -x 

f 

40 

41 

fin 

2X 


12. 

55 

fin 

T. 


3 * 

47 

fin 

z-r. 


1 

47 

fin 

Z + l r 


X 


fui 

2 \ . 


o. 

5°>5 

fin 

aXTi*. 


0* 

12 

fin 

zZ-zX 


0. 

2,1 

fin. 

4 Z- \.X. 


0. 

49>3 

fin. 

4 X-Z. 


0. 

12 >5 

fin 

z S 


I. 

28 . 

fin. 

zS - zX. 


0. 

29 

fin. 

zS-Z. 


I. 

59>3 

fin. 

2 X-Z- 

T 

I . 

49'9 

fin. 

2 X-Z 4- 

1 

0. 

8 

fin. 

2 / -\-zX 


0 

12,5 

fin. 

2*5 — 4>t. 


0 

29 

fin. 

4X — 2 a - 

rz. 

0 

6,4 

fin. 

2A4-X - 

y 

0. 

6rt 

fin 

2X4 -z+y 


92 , 2 . Thefe are the equations of the moon’s longitude upon it’s oibit,» 
.deduced from the principles which Sn 1 . Newton has given in His P> inapia-, 
and it is mam fed, that we might have piocceded in the fame manner, and 
found many more fmallcr equations. By this method of treating the fu^eftj 
the fouices of all the equations become mamfeft, .and eveiy one if. calculated 
ducdlly from the caufe which produces it. Comparing thefe wuh flic equa- 
tions deduced hom the dnedt method, no greater difieience is found, than 
what is obfcived to tak£ place amongfl thofe which* are computed from .the 
direct iblution, by different Authors, and Mayejr^, aftei Ins moftlabeiious 
calculations, founded upon a veiy elegant theory," was obliged to corredb many 
of his equations fiom obfeivations. We Ihall afterwards fhow the rcduftion* • 
neceffary to give the longitude upon the ecliptic. • 
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923. The equation 1' ^ 9 ", 9 x fTn aX-Z + T, S11 L Newton thus repiefents , 

The coeftrudcien of Fig. 20S. icmaimng, make the angle iW/f; = zX- Z-f 7, Fig. 
and take Hr — >000352, which quantity fubtends an angle of 1'. 12J" at A/, 208. 

the whole equation being 2' 25" accoiding to Sir 1 Newton, and not 1' 49", 9 
as we inalfe it*, and Hnr will be the correction foi this equation. F01 con- 
ceive the center of the lunai oibit to be tranfpoitcd front H to ?, and to defenbe 
« a circle r cbou t { Hl and diaw is perpendiculai to MH, then is =,000352 x fin. 
iX- Z+r, therefore t he angle tMH= i'. izf'xfm. ~2X-Z + 7 , which 
varies as fin.^zX— Z+ 7 , and the whole quantity of vanation is r 2' 25", taking 
ifr on oppofite fides of H, and at light angles to MH* As therefore* the 
‘ whole’va nation of rMH is (from this confttu&ton) the true quantity, and it-’ 
varies in it’s propel latio, it mufl always repiefcnt the true cotic&ion. 


On the Equations of the houzontal Parallax of the Moon . 


924 By Art. 868. the diflance of the moon from the center of the eaith is 
+ | wf+vi x cof. Z— § w x x cof. 2 Z, but the horizontal parallax of the 

moon is mverfely as the diftance, or as 

t 4- i w’ -h w x cof Z - £ w a x cof 2ZI 

* = 5 i-| w*-wx cof. Z+w* x cof. Z*+ i w*x cof. 2Z = (as cofTZ a =f cof 

+■ I) i — wx cof Z -f- w % x cof. 2 Z Now (908) iD + rx cof. 2 Z — 2 X 
= EH the true excentncity at the given time, and ( 909) the fine of HEG (the 

aberration of tbs fine of the apfides from the mpanplnr,^ ^ x fin 2Z-2X 

* w+rxcof. 2Z-2X 

+ f ■ 

~*w * fin ‘ a-Z “ 2X near3 y* Hence, if in the above exprefiion for the radius 

r ♦ 


vc&oi, we put zu + r x coT. 2 Z — 2X for w, and Z — - x fin 

« Zi> 

; r • 

and if for* cof. (Z-~xfin. 2Z-2X) we wiitc cof. Z+ 


2Z - zX for Z i 
r 

- X fin. Z X fin. 
w 


*^Z %X (the cof of - x Tin 2Z-2X being confideied unity), wc get the 
horizontal parallax of the ‘rfiopn pioportional to i-wxcof. Z-rxfin Z 

^fm *22 - f,X - rx cof Zx cof iZ^IX- ~ x fin. Z x fin iXx cof. 
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X’JS- Ix= 1 cof. z X-~Z- I cof. 3Z- aX, ffl fo, eof. Z x cof cof. 

-Z + f cof. sZ~zX, laftly, fin Z x fin zZ- zXx co{. zZ—zX- 3 , fin. 
Zxfio. cof. TX=lZ-| cof JZ=^X, hence, by fubftitution, 

%ve get the horizontal parallax of the moon propoitional to x -^wxcol. Z 

+ V- x cof 2 Z+wrx cof. zX - — x cof. 4X-IZ -rx cof. iX^Z + w r 

^ 

x cof. 4Z - zX +- — ,x cof 5Z - 4.X, the mean horizontal parallax being 
“ _ 
unity. <■ 

025. This would be the horizontal parallax of the moon in an elliptic orbit . 
having the earth in it’s focus, but on account of- the change of the loan of 
the orbit, at the diftance X of the moon from the fun, the nulius (8S2) 

varies xn the ratio of x - x cof. zX : 1 , hence, the parallax 

I4O 

varies ui the ratio of — — — : i, or as i -1 x col* 2 A 1 * 


I — - X cof. 2X 
140 


140 


there arifes therefore another equation + C0 ^ 

horizontal parallax of the moon is therefore i-wxcof. Z+w*xcof 2 Zftr 

W r + — x cof. zX X cof. 4X- 3Z - r x cof zX- Z + wt x cof 

n 140 4 W 

V* ^ 

4Z - 2X 4 — - x cof. 5Z - 4X, the mean horizontal parallax being unit) . 

If therefore we affume r = ,01 168, -w = ,05505, and the meay equatonal pa- 
jallax to be 57' 1 i",4, as Mayer makes it, we have the equatorial honzontal 
parallax = 57' ix",4- s'- 8 ">9 x cof. Z+ 10", 4 x cof. zZ + 26",j x cof. zX«- 
a",i x cof 4X— 3Z -4o",i x cof zX- Z + z",z x cof. 4Z- zX + z",i x cof. 
7 Z - 4X Hence, we find (173) the horizontal paxallax for any other 

*'* "i „ 

latitude. 
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On the Motion of the Nodes of the Moon's 0>bit. 




926#* If 2* be the cofine of any angle x, then z 2 = § + % cof. 2 x , 

2 + ='5-l-| cof. 2*! + % cof. 4A., z s = -^r+— ’cof 2 x + cof. 4 x -f- — cof 6x, 

&c- % radius being unity. This appears from the pnhciples of plane Trigono- 
*metty.. 

*927. Let E fee the earth, CADB be the plane of the ecliptic, iV 2 Vf{f the 
fnooif s orbit inclined to it, and fuppofed to be a circle* Nn the line of the 
*nodes ,*AEB the line of the fyzygies perpendicular to CED, MK perpendicular 
to CD, Av a perpendicular to the plane of the moon’s orbit, and vt. At per- 
pendiculai to NEn Now the ablatitious force afting on the moon at M 
afts paiallel to AE, and confequently it makes the fame angle with the plane 
of the moon’s orbit as AE does, and if we conceive AE to be a foice, Av 
# is that pait of it which ads perpendicular to the plane of the moon’s orbit; 
* and if we put J = the fine of the angle A tv the inclination of the orbit, to ra- 
dius unity, then 1 : s : At Av=s x At, hence, AE : the ablatitious force 

# o r y A t y fyTK. ^ 

yMK (845) •: s x At : - -jg that part of the ablatitious force 

which ads perpendicular to the plaice pf the moon’s orbit. Let the periodic 
time of the fun • that of the moon .: i : ft; then the part of the ablatitious 
force ading perpendicular tp the moon’s orbit : the ablatitious force :: 

~ J * ^AE ~~ * 3 ^^ .. s x At : AE, and (858) the ablatitious force : 

the giavity of* the moon 3 n*MK : ME or AE , hence, the force ading 

perpendicular to the moon’s dibit . the moon’s gravity 3 n 2 sx At x MK 

* AE* Now the velocity of the moon being reprefented by the ftnall ate 

Mw delcribed m a given time, the velocity geneiated by the gravity of the 

moon to the eaith in tl\e.fame time is reprefented by twice the fagitta of Mw 

, .* Mw 1, Mw % 
which = 


- •ME ~ AE ’ 

S • 

as the foice, AE 2 . 3 n 2 s x At x MK 


hfince, the velocity generated in a given time being 

Mw' 


2,n 2 s x Mw 2 x At x MK 
~AE * “ IE 3 

the 


* « ©n account of the inclination of the moon’s orbit, 3 MK does npt accurately exprefs the 
* ablatitious foice; the difference however which this confideration would make m the refult is fo 
very linall, that iye lhall here omit it. 


Fig. 
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the velocity generated by the ablatitious fore? in a direftion peipendicular to 
' the moon’s oibit; draw tlierefoie wz peipendicular to the oibit and equal to 
this quantity, and deferibe the circle N'Mzn', and NN', or nn', will be the 
coirefponding motion of the nodes Draw up peipendicular to Mu. No* 

_ ,, wz x Mk - > , 

Mw wz ;. fin. Mp or Mu, which is Mk, . up- — — > anU tin. pun 


(') 


np 

wz x Mk 


fflsx M k 
Mw 

= 3« s 


nn — 


ioz x Mk 


x 


Mw 


s x Mw 
At xMKx Mk 


Mw 

hence, the' angle U-EE = 
. Mw 


3 u * * 


x fm-AEN' 


" ~ME AE 3 "MR 

x fin MEC x fin. MEN the motion of the node, whilft the moon de(Lribq, , 

Mw, denoting the angle which Mw fubtends at E This is the cafe ’ 

* ME 

when the oibit is a circle Let us confider therefore what will be the motion, 
of the nodes, if we dimimfh the diameter AB by a very fmall quantity, and 
fuppofe the curve to become an ellipfe, the periodic time remaining the lame* 

P 1G 52 g Let CA’DB' be the ellipfe ; draw MQK perpendicular to CD, and 
iio mqk parallel and indefinitely near to it; join EQj, EM, Eq, Em, with the*, 
center E deferibe the circular aic qct, let nEN be the line of the nodes, and 
draw Mi and ^ s perpendiculai to E « Let one body defenbe the aide, 
and the other the ellipfe, and let them fet out together fiom C, then they wiU 
come to M, ii^, at the fame tune, for (805) the area CEM : CEA the 
time through CM : the time through CA, and CES^ CEA' • the time , 
' through’ C$J. the time through CA ; but CEM . CEA • CE^: CEA', 
therefore the time thiough CM . time through CA • time through CO_ 
the time through CA', but by fuppofition, the fecond and fouitli tcimv* aie 
equal, theiefoie the ffii ft and third aie equal, and the bodies come to M and 
at the lame time, and Mm, <^q will be the cotemporaiy arcs cWLubcd, 
and the cotemporaiy areas deicribed about E being in piopomon to the who!? 
areas, we have MmxME qcxQE EA EA' ME • EA', thueforc 
Mm . qc : QE . EA' But (845) the difturbing fences at M and me as 
MK : QK veiy neaily*, and theiefoie (92 7) the Vnouons pcipcmlu tJ.u to 
the planes of the orbits (lepiefented in Art. 92 7 by zvz) will be as- MAT 
Now the force afting peipendicular to the phne' of the obit at turns the 
plane about QE, and thereby pioduces a motion of the nodes; and the 
motion produced by this force is compounded with the^ motion orwitlr^* 
the two motions §j 9 cq, of winch % lies in the. hne about which the plane 

. " turns., 


* They are not accurately fo, as before obferved, becaufe the orbits are a. little inclined ty 
the ecliptic CABD* 


* • 


so 


but = * i;1 »EM* 

ME 
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turns ; therefore tlie motion of the nodes is the fame as it would be in a body 
defcnbingthe circular arc cq in the fame lime. Hence, from the fiifl expief-< 
fion in*the laft Article for the angle uEn', we get the motion of the nodes ol 

MKx Mr 

the circle the cotemporary motion of the nodes of the ellipfe J^ExMrn 

§>Kx MK x Mr QK. x 

^£.x qc* : *'• ME x QE x EA' 

fin * n EC + CEM = fin. nEC X cof. CEM + fin. CEM X cof. nEC , 

*>o', % = fin *E$=fui. nEC+CE$=fm. ^EC x cof. CBQ + fin 

•cof nEC-, but in a whole revolution, cof. CEM, and cof CE^ are deffroyed 
! by the oppofition of their figns, and therefoie to get the mean motions, the 

terms wheie they enter may be negledted , alfo, fin CEM= ^ and fin. 

C E ® — — ~t , hence, the mean motion of the nodes of the circle : that of the 
QE 


ellipfe 


MK* 


£>K* 


AE* 

AE 


EA" 


AE ‘ EA'. 


ME x $E ' EA'xQE ” AE * EA' 

929. With the center E and radius Ea defcribe the circle ah, and let that 
' be the circle which’ the moon would have defenbed if there had been no 
fiifturbing forces, fuppofing CA'BD' to be the ellipfe which it would 
•defcube without excentncity, from the diflurbing forces , and let the penodic 
tjme in this circle be equal to the periodic time in the circle CABD , and 
confequently equal to the periodic time in the ellipfe, according to the fore- 
going fuppofition. Now the periodic time in the circles being the fame, the 
mean motion of the nodes (92.7) are the famej hence, the motion of the nodes 
in the ciicular orbit ah the motion of the nodes in the elliptic orbit CA'BD' 
EA : EA' • (885) 70 -69. 

* 930. Now let us fuppofc the moon to defcribe it’s tiue orbit CABD , in 
which CD is the hne of quadiatuies, AEB that of fyzygies, a Eh the major 
axis, E the earth m focus, Fe the femi-mmor axis ; M the place of the 
moon, Myj a very frnall arc , and with the center E, defcribe the elides mu. 
Ft, cutting the line Nn of the nodes in n, t , diaw MK, Qk, perpendicular to 
CD, and Mr, ^ perpendicular to Nn and let a body levolvmg in the circle 
Ft, defcribe Qq in the time in which Mm is defenbed. Now (8 18) the periodic 

*• t ime m the circle tF» is equal to the periodic time in the ellipfe , hence (805), 
8n. aqpount’of the equality of the periodic times, the aiea ME m • QEq, 01 

* ME x md $Sx Qjq, • the whole area of the ellipfe : the whole area of the 

circle . ’e F ea, theiefore md . ^q u . QExeF : MExea. But (845) 
the diflurbing forces at M and ^ aie as MK, §>k very nearly, and theiefore 
• . H 2 (827) 


Fig, 

air, 
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Fic 

209. 


(827) the motions perpendicular to the plane of the oibits will be in the lame 
rratio; hence, (as explained in the laft Aiticle) the motion of the nodes of 
the ellipfe 111 the time Mm is defcribed . the motion of the nodes in the circle 

M Kx Mr _ gkxgj ME 'gJL . ME* 
whilft ^q is defcnbe . MExntd ' QExQ^q md g^q* <t\ea EMm 

. ML .. MEL. -3£L . 2SLI&, hen c e> tte 

‘ aiea E§fq ‘ area ellip area circ. et ea 

rnotion of the nodes of the ellipfe 1 the mean motion of the nodes of tire 
fnm of oil the aicas MEm fum of all the areas §fEc area of ellipfe 
cade y - '~jp — . TfF - 

area o r f circle > eF t ^ therefore the mean motion of the nodes of .the’ 
ea eF ea 

ellipfe is equal to the mean motion of the nodes of the circle. Hence, if 
(929) we find the mean motion of the nodes for a circular oibit, and diminifh 
it in the ratio of 70 • 69, we get the mean motion of the nodes of the true 
lunar orbit. It appears therefoie that the motion of the nodes is not affedtcd 
by the excentucity of the orbit, as Sir I Newton fuppofed. 

931. The tiue motion of the nodes of the ellipfe at any time : the coterji- 

J ME % 

poraiy motion of the nodes of the circle • , ME 1 : eF x e a \ 

hence, when ME is a mean piopoitional between the femi-major and femi-r 
minor axes, the true motion of the nodes of the ellipfe and circle are equal. 

932. If we take the nodes in quadratuies and the moon in fyzygtes, M l y 

MK, Mk become each equal to JE, and the motion of the nodes = 3 //X fifTpy 


Mw 


and they aie regieflive. Hence, if we take = 32'. 56" 


27c"'. 




the 


mean hoi ary motion of the moon, the honuy' , motion of the nodes in this, 
fituation will be 33" 1 o'". 23"" 1 2 "'" f° l a circular orbit, and if we" 
diminifh this in the ratio of 70 69 on account of the elliptic foirn of the 
orbit, we have (930) 32' 42". 7"' for the true hoiary nfotion of the nocks when 
the moon is in fyzygies and the nodes in quadratures. And the horary motion 
of the nodes at any othei time this quantity . fin. JEN X fin. NlEGx. tin. 
MEN the cube of radius. * 

933. As often as any of the fines 0 £ JEN, ME'C, MEN changes frpm 
pofitive to negative, the legieflLe motion of the nodes becomes „picgteffiv,% 
and the contiary. Let the fituation of the node* lSe given , then" fin AIJEc 
becomes negative when the moon pafles thiough quadratuies Z>, and The 
motion of the nodes becomes piogicfiive, when the moon pafles the node-;/, 
the fin. MEN becomes negative, and the nodes become again, regrc/Hve. 

. T In. 
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Thus it appears, that the nodes hre progiefiive when the moon is pafling be- 
tween quadiatuses and the nearcfl node, and legi effive for the other part of the 
revolution Hence, m one revolution of the moon the nodes aie regreffive. 
When the line of either of thefe thiee angles AEN, MEC, MEN , becomes 

* =o, the rfbde? are ftationary. Hence, they are fhitionaiy when the fun is in 
the node, when the moon is in quadratures, and when the moon is m fhe 

* node. 

934 The line of MEN = fin ME C =f C£N= fin. MEC x cof. CEN=f 
cof *M£E x fin.^ CNN = fin. MEC x fin. NEA + cof. MEC x cof. NEA ; 
lienee, if ME = i, the, true hoiary motion of the nodes x Mip x 

* ffh . aAF. Tt x fin. NEA* =f 3» l x Mw x fin MEC x cof MEC x fin. NEA 
x cof NEA Now in a whole revolution of the moon, the pofition of the 
fun and node lemaining the fame, the effedt of the lafl teim will be de- 
flroyed by the oppofition of the figns of fin MEC and cof MEC, the 
pofitive and negative figns of their product deftroying one another m a 
whole fynodic revolution, hence, we get the mean horai y motion of 
the node in one fynodic revolution of the moon =3 /X Mw x fin. MEC? x 

* fin. 'NEA' Now if the pofition of the node be given, and we fubfbtute 
t_ r co f, zMEC for the fin. MEC 1 , we have the mean horary motion of the 
node = 3 »* x Mw x fin. NEA * x § - \ cof. 2 ME C , and negle&ing — ]- Cof. 
2MEC, the effeft of which will be deftroyed in one revolution of the moou 
. by the oppofition of it’s figns, we get the mean horary motion of the nodes 
in one revolution of the moon = f Mw x fin NEA 7 " Now when the 
moon is in fyzygics, the fin MEC'=i, and cof MEC = o, therefore the 
horary motion of the nodes is then 3 * Mzv x fin N EA Z Hence, die mean 
horaiy motion oT the nodes in one fynodic revolution of the moon is equal to 
half their hoiaiy motion when* the moon is in fyzygies, whatever be the 
pofition of the node. Now when the nodes are in quad mures and the moon 
in fyzygies; their horary motion (932,) is 32'. 42" hcncc, the mean hoiaiy 
motion of the nodes wherf.in quadratures is 16'. 21" %{'" in the elliptic orbit. 
In the hiculaj: orbit it is 16" ^5'". r6"". 36'"'". 

933 As fin NEA 1 = | - f cof iNEA, the mean horary motio n of t he 
nodes m one fynodiC levo^tion of the moon =3 n*X Mw x f - £ cof 2 NEA 
| n\x Mw- | ti x Mw S cof zNEA, and as in one T evolution of the fun 
in refpedt fo the nodes* the laft teim will be defhoyed by the oppofition of 
lt’s'figns, we* get the niean*Louiy motion of the nodes =r ? 1 1* a Mw. 
Jf-Ienc?, the ^ mean ’motion *of the moon the mean motion of the nodes .* 
M w» % 1? x Mw : . x : \ A. 

936. To get the mean annual motion of the nodes, we mnf firft get their 
• • mean 
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mean motion, upon fuppofition that they had been fixed foi one teiolution of 
the fun, and then we fhall get neaily the motion of the fun in rdped to 
the node, and by repeating the opeiation, we may apply collections and 
arnve at any degree of accuracy. Now i n Mw z the aic de- 

fenbed by the fun in .the time the moon defeubes Mw, hence, Mw= 
fubftitutc therefore — for Mw, in n 1 y Mw (which exprefies the meairmo- 

^ r, 

tion of the noties', and we have -l n x z' for the mean horary motion ot the 
nodes, hence, if s/ = 3 6o°, we have } n > 360° = 20° x 1 foi the mean annual 
motion of the nodes, upon fuppofition that the fun had retained thfe finite 
fxtuation in refped to the nodes through the whole revolution, which it would 
have had if the nodes had been fixed, 01 if it’s motion in refped to the nodes 
had been z'-, we rhuft therefoie corred this fuppofition. 

937 The mean horary motion of the nodes for one revolution of the moon 



is 3 a* X Mw Xfin MCE 1 X fin. NEA*-, 'fubftitute — for Mw, and put 

|-icof. zMCE foi fin. MCE% neglcding the cof iMCE as being dc- 
ftioyed by the oppofition of figns in one levolution of tlie moon, hence, the 
mean motion of the nodes foi one levolution of the moon is ~ u z -X. 
fin N EA 011 fuppofition that the fun’s motion fiom the node had continued 
the fame all tlie time as if the node had been fixed. 

938 Now let <y' =tlie motion of the fun in lefped to the node in the time 
the fun deferibes z', and the nodes defenbe f nz'x fin. NEA neaily , then as the 
nodes are retrograde, v' = z' + 1 «z' X fin. NEA 1 ,’ therefoie z'~ v' — -ttz'x 
fin. NEA' = v' - l n v' x fin NEA * very nearly Substitute this for 
z' in \ Mz'Xfin. NEA 1 , and we have \ nv'x fin. NEA*—\ sVx fin NEA* 
for the mean motion of the nodes more nearly. Put now w' — the motion of 
the fun in refped to the nodes, then w'=v'+l pv'xiln NEA'— \ «V.X 
in NEA*, therefore v'= w' - \ nv'Xfm NEA% »#Vxfin NEJ*=w' 
_2 nw'xSn. ~NEA Z + l « a w'Xfin. NEA 4 nearly, the motion cf r tlje fun m 
refped to the nodes moie corredly , fubftitute this quantity thei efore fur z ’ in 
| a ' f/ y 7 m . NEA Z , and we get \nw'x fin NEA % -\n'w' x. fin, NEA 4 +^ 

2 Z n 3 vJ y fin NEA 6 for the mean motion of* the node” ftilf more nearly ; 

8 *■ * 0 
hence, the motion of the fun in refped to the node becomes w' + %'ttw l '\ 

fin. NEA 1 - 1 n l w' x fin. NEA 4 + — » 5 w' x fin. NE 4 6 , thus we may pro- 

„ -ceed» 
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ceed, coire&mg the mean motion of the node and the motion of the fun m 
refpefl to it, as. far as we pleafe. Now (926) tin. WEj l = % + f cof. 2 NEA S 

the tin. NEA* = •Hr I cof. zNEA + f cof. 4 NEA , the fin. NEA S = ^ -f 

1 6 

— — cof zNEA cof 4NEA 4 *— cof. 6 NEA , &c. and 111 a whole revo- 
32 • 10 32 « 

. * lution of the fun in refpefl to the node,sthe cofines of 2 NEA, 4.NEA, 6 NEA, 

See. will be deftroyed by the oppofition of figns , th'eiefore if for the powers 

*’ * * 1 2 c 

of fiNEA we^fubflitute 8’ 16’ &C we M § et tIie mean motion of the 

* nodes -for one revolution of the fun in refpefl to the no'des, equal to w'x 

l n -U n l + n\ where w’ reprefents the fun’s motion in refpefl to the 

nodes; hence, if we make w'=%6 o°, we have 360° x - » - ^2- jr 4- T Ji u 3 — 

4 32 128 

1 8°. 40' for the motion of the nodes between two conjunflions of the fun and 
the node. If we had gone to another term of the feries, the motion would 
* havc ^ een found = 1 8° 39'. Now in this time, the motion of the fun muft 
have been 3 6o 8 -i8° 39'=34i° 21', hence, 341“. 21' • 3 6o‘ . 18 0 . 39' : 
19 8 . 40' the mean regreffive motion of the nodes in a year, upon fuppofition 
that the orbit is a circle Let us therefore fuppofe the orbit to be an elhpfe 
defcribed bn CD, whofe- axis minor JE .. 69 : 70, then (930), 70 : 
69 ; 1 9 0 . 40' . 1 9 0 . 23' ,the mean annual regrefiion of the nodes of the true 
lunar mbit. If we had confiderei the inclination of the mbit, it would 
have .made the motion about 4' lefs , foi it is mamfefl, that the inclination will 
diminilh, by a very fmall quantity, the value of MI, we may theiefore fup- 
pofe the mean annual mol ion to^be 1 9 0 , 1 9' 


’To find the Emotions of the mean Motion of the Nodes . 

• • 

• • 

. 939 * AHunjmg ME = t, and putting Mw=z,' we have the fluxion of the 

motion^ of me nodes = - 3 n*z x fin. AEN x fin MEN x Cm. MEC, but 
*4n. MEC= cof ME A, and fin AEN=Cm MEN^ MEA—Cm MEN x 
. c °f* ^EA g ^cof. MlhN x fin MEAj hence, the motion of the nodes 
^-\n^zx (Cm. 9 MEN%x cof ME A' =? fin. MEN x cof. MENx fin. 
“MEA x cof MEA = - 3 fl z z x ( | - | col 2 MEN x 4 + J col TmTa q= 
i fin. zMEN*% fin. tMEA) = -4 tfzx (x — col. zMENx 1 -t-coi zMEA 
' • . . =f fin. 
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=f fin zMENxfm. a MEA) = -J n*z x r (r + cof zMEA - cof cdl// A' - ^ 

cof. 2 MEN x cof 2 MLA =f fin zMEN x fin zMEA) Byt —cof 2 MEA 

X cof. =F fin 2 WAiVx fin a/l/E/f = -col zMEN =r zM hA = - 

cof zAEN‘, hence, the motion of the nodes = — £ «’« x (H-cof iT'ILA— 

cof. zMEN- cof zAEJA). Now the mean motion of the fiiooli 1- to that 

of the fun as 1 n, mid let the mean motion of the moon be-to that ol the 

node as 1 . m, then whilft the moon defcribes the angle Z, the fun'defeubas' « 

fiZ, and the node ®Z; and as the node is letiogiade, Z+mZ expufles the 

moon’s motion Horn the node, 01 the angle MEN, alfo* Z—nZ — ih-* mot'dfi 

of {he "moon fiom the fun, 01 the angle MEA , and nZ-\-mZ=~d\L motioi? ol 

the funfiom the node, 01 the angle AEN Hence, the motion of the noch‘ • 

= — 1 fi l Z x (1 + cof 2Z — znZ— cof zZ + 2??/Z — cof. zuZ + zm'Z) = ~ 

| m* Z — | « l 2 x cof. 2 Z — znZ + \ iSZ x cof. 2 Z + zmZ -j- * u" Z x col 

«* 

znZ + zmZ, whofe fluent is - 3 « l Z — f X : — “ x fin 2Z-2?;Z-f- 

X si 


I X 




x fin. 2Z + 2tnZ + I x 


x fiti znZ-\-zmZ the motion of thg 


i + m ‘ 0 »+ w 

nodes. And if X = the di fiance Z—nZ of the fun fiom the moon, and 
foi the diftance Z+mZ of the moon for the node we put S, then 2 «Z-h 

v * 


zmZ=S—X - 3 hence, the motion of the nodes becomes — | « Z Z+| x 


ti H -/» 


. 0 

x fin. zS- 2A + 5 x — - — x fin. zS—i x x fin. zX But (035) m — l «*; 

and the fiift term exprefles the mean motion of the nodes in a circulai oibil , 
hence, we get thefe equations of the mean motion of the nodes, J x — x fin, 

26' — 2X+ 3 x — — — x fin. zS — 2 x x fin. zX — x°. 31'. 18" x fin. 

zS - zX 4- n"xfin. zS—f. 49" x fin. 2I, and if* thefe be ‘diminilhed 
in the ratio of 70 : 69, we get the true equations,.! 0 . 30'. i"x fin. 26'— 

7'. 5" x fin zS - 7'. 4a" x fin zX , - 

940. The moon’s motion being here afiumed Z, if for Z we lubfiitute 
(870)2- 2tox fin. Z, which is "very nearly the true motion, and for Z we 
put ZT - 2iox cof Z'x Z , then the fluxion ol the* mean motion n l Z be- 
comes — | t?Z + i *'w x cof. Z x Z — (as T=nZ)— \ fnxZf +,§ t^w x cof. 
x Z, and to find the annual effeft, we muft ££91) multiply this -qua fluty 
by 1 — 3c x cof. T , hence, the fluxion of the rfiotion of the nodes* fro*m 
thefe caufes = — | n T + | x cof. ZxZ* + |«cx cof. TxT nearly, -whofe 
fluent ss -% nT 4-f «’wx fin. Z+ \ nc x fin. Y$ and the mean .motion being 

Z~ X 
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-I the equations become ftfwx fin, Z+ $ nc x fin, T=i', 33" x fin, Z 
"bp* 43 1 x tin, 9 T\ and thefe dimii'ifhed in the ratio of 70 ; 60, give 1', *** 
x fin, Z-f-9 . 35 ^ x^fin, T for the true equations, P 

94 J* To correA the t hree equations found in Art. 939. Fh Jl, to corieft 
| tfZ x’ctff zvZ+zmZ, For Z write Z-zwxfm Z, and foi Z fubftitute 
Z - zw x cof ZxZ, aifo, for the motion of the fun nZ fubftitute a more 
- correct .value #Z— 1 c x fin, nZ j and multiply the whole by 1 — 3 c x cof. nZ % 
bein| the difturbrog force at any diftance i+a cof. T (891); hence, the 
Shove equation becomes | n l Z x j-iwx col. ~2 x of. VZ x cof. 

znZ+zmZ-z{cxfta, nZi multiply thefe quantities together, and negledt 
tfiofe tqrms in which the product wc enteis as being verv final! , and we fhall 
get the following quantity, %n*Z x i-awxcol, Z-3^xcot nl x C of, 
x fin nZ \ but cof. 2«Z 4-2fflZ~4f * fin ,nZ = cof. 
znZ + zmZ J r4 t cx fin. »Zxfin. znZ + zmZ nearly, becaufe the cof. of 4 c x 
fin, nZ is neaily unity, hence, (negleding | »*Zx cof. 2 nZ + zmZ found in 
Art. 939.), the coriefhon becomes $ n % Z x -zwxcol, Z - tof uZx 
•cof tLrtZ + z mZAr^n'ci x fin. nZ x fin. 2 nZ + zmZ neaily, =~\n'wxZ x 
cof. Z x cof. % n Z + zmZ- \ u *r x Z x cof. Z x cof. jTw Z -f 2 m Z + 3 mV xZ x 
fin nZ x fin. znZ + 2 mZ ; but cof . Z x cof, T'nZ + zmZ — f C of, 
znZ +2mZ-\rZ+ § cof, znZ+imZ - Z3 and cof. #Zx cof, ~zffZ+zmZ= 

- | cof 3 nZ + zmZ + i cof MZ + a^Z, alfo fin nZx fin, znZ-hzmZ » 3 cof 

»Z + 2W^~ I cof 3»Z-(-2wZj fubftitute thefe quantities, and colled the 
like terms together, and the fluxional corieftion becomes, 1 ifwZ x cof 

%nZ-t 2 mZTZ- 3 «‘ W Z x C of znZ + zfnZ-Z ~ n'cZx cof, JnZTzmZ 


• . 

, JritfcxZx cof nZTzmZ, the fluent of which is ~ { „* w x ±% 

2 , ;/ 2, m 4 - 1 


»* Q X 


ZU + 2W+ l 

fin, 3 «Z 4 - zifTZ , 

3 »+ zm “b » r x 

” z + a£ f- (« r- »-z). * „’ W * g^JgZg+Z + j x 


4 * | «* w x + « *i 

x — zn-'jsm g 


» + 


1 + zn 


T^tn ” ^#cxfin. T+ $ ncx fine, Y cry 

. tX+r+i.tf xfin r, which two lad dimimlbed in the 
m,o of ?0 . .69, give- 3', 45 " x fin, „• x Cm • ■ r _ ^ 

the Gnailer equate it .is unncceflary thus to reduce, 3 ’ ' i 

Tpflf * J 


942, SccQrtdly , 
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942. Secondly , to correct | tdZ x cof zZ^imZ. For Z wiite Z-zrvx 
fin. Z, and for Z fubfbtute Z —zwx cof. ZxZ, and mul tiply the who le 
by 1 - x cof nZ > and the equation becomes % ifZ x 1 — iwx col. Z x 
1 — 3<rx col. nZ x cof. zZ+ imZ- fin. Z , proceed now exa&ly th e fame 

z iiu f 2<S -f- Z 

as to the laft operation, *and we (hall get the corredion= -~nwx — - 


-f 4 H*WX 


fin 2 S’ — Z 
\ 2 rn 

IT 


■ - 1 r <• x 


£n a5+ r 
2 +«H- 


fin zS - y 


- 1 «'tx , 

8 2 — « + 2 a? 


- = — 45" * fin. 


zS + Z-h 4 -$" x fin 2 S- Z- ii'x fin zS + Z - 1 x"x fin 26V 2 % 

943. Thirdly, to coned — X a a Z x cof zZ — znZ. F01 Z wnte Z—-2 w >* 
fin. Z, and for Z fubfhtute Z — zw x cof. ZxZ, and multiply the whole by 
1 — 3rxcof. n Z, and the equation becomes - | a* Z x x - zca x cof. Zx 
1 — 3 1 x cof. a Z x cod 2Z — 2«Z— 4«» x fin Z, proceed now m the fame 

. a fin ^ ^ , 

manner as before, and we get the coiredion = - £ n w x — 2 ~-- + w * 


fin a+z +5 )j , [i rm^z +ji , (x r i n_i-z = _ 5j , xfc 2 -X=rz + ' 


2-3« 


2 —H 


2- 3» 


4y"xfin 2A-+Z + 12" x fin. -A + Z+iz/'x fm A'-Z. * 

944. The principal equation of the nodes is |«xfin 2«Z+2«Z (9390; 
therefore a moic coired value of zmZ (twice the motion of the nodes) is 
zmZ -\nx fin. znZ + zmZ, the equation being fubtraded, becaufe the mo- 
tion 2 nZ of the nodes is letiograde, and this equation is additive, 01 to be 
applied accoiding to the ordci of the figns Subfhtute therefore this value 
for zmZ in } tfZ x cof. znZ^-zmZ (which is the fluxion pf the principa l 
equation) and it becomes \ rdZ x cof (2«Z-t2.^Z - £ ax fin. z nZ + zm'Z) , 
and omitting the equation already found , the refult is 1 7i a Z x £ n x fin inZ + 2 

— 2- n 3 Z x I - l col 4«Z + 4wZ= ~ n 3 Z - ~ r?Z x cof. 4 a Z +• 4 m Z, 
whofe fluent is ~ n'Z - ^ « 3 x = ~ n% x fin ‘ 


4aZ+4wZ, hence, the equation is - a 1 x fm v 4«Z+4?aZ= — x 23x1m. 
4S-4A, which dunmifhed in the ratio of 70 : 69, gives*- i«. i2"(xfm. 4^4^ 
945. The quantity ■ 2 ~n i Z, found in deducing rthe iaft < .equation,''continu- 


J r r* 

ally mcreafes as Z increafes, and is therefore a corredion of the mean motion 

* C m 1 ft 


-li£Z 


) * r 

*i»r *+. 
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— 4 n'Z before found ; hence, «. more corred value of the mean motion is 
#*J5 + n*Z . 


— " f> ■ ^ 

Hefice, the equations of the mean motion of the nodes are, 


% L . . 

. +1°. 

30'. 1" x fin. — iX. 

0 II* • • • * 

• + 

7. 3 x fin. 2 S. 

_ * jn 

# 

7. 42 x fin zX. 

„ . iv 

• + 

1 . 34 x fin Z. 

- V 

. + 

9 35 * fin T • 

VI. . 

« — 

0. 41 x fin 2S— 2X+Z. 

VII. . . . 

. + 

0, 55 x fin zS—zX—Z. 

vnr. . . 

— 

3. 45 x fin. 2 S-zX+T 

IX. 

. + 

i , 37 x fin. 25 — zX~ Y. 

X 

. •>- 

0 45 x fin. 2S4-Z. 

XI. . , . 

. + 

0. 45 x fin zS-Z. 

XII. . . . 

* ’’*** 

0. 11 x fin. 2 S +T. 

xnr. , . . 

, — 

0. 11 x fin. 2 S - T.' 

XIV. . . 

. — 

0. 53 x fin. 2 X-Z. 

XV. . . . 

• + 

04 7 x fin. zX+ Z. 

XVI. . . . 

. + 

0. 12 x fin X+Z. 

XVII. . . . 

• + 

0. 12 x fin. X- 2. 

XVIII. . . 

• • 

• 

I* x fin. 4^ — 4 J£*, 


. On ^.Variation of the h dilation of the Moon's OibiK 


946. Let NN' be the horary motion of the moon’s nodes, draw Mk per- 
pendic’olai ip N«j and Mx perpendicular to the ecliptic, and draw xks t 
join Ms, and diXw kv pcipendicular to Ms j then the angle sMk is 
^ the„ cotemporary vanatioh of the inclination. Now the angle NEN' : sMl 
sk m k u ' * 1 * > 

5 * SE* k Nl :: Te : kM * ^ in ' s x cof MEN. Now if the 

, angle MEiv-Z, the motion of the nodes (927) is 3« 5 xZ'x fin. AEN x fin. 
MEC x fin. MEN j hence, the cotemporary variation of the inclination is 

x 2 
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3 n* s Z x fin. AEN x cof. MEN x cof ME A Now cof. MEN = cof. 

r MEC =f= CEN— cof ME C x cof CEN+ fin. x fin. CEN = co(^MEC 
x fin. AEN ± fin MECx cof. AEN , hence, the fluxion of the vanation of 
the inclination is sZ x fin. AEN x fin. MEC x (cof. MEG x fin =t 

fin. MEC x cof AEN), now in one fynodic revolution of the troop, cof. 
ME.C will be deftioyed^ therefore the fluxion of the mean variation foi that 
time = q«*rZ x fin AEN x cof. AEN x fin MEC' — yi'Z x fin. AEN x cof. 
AEN x 1 - | col. %MEC^= (foi the mean of one fynodic levolution) \ irs’i, x 
fin. AEN x cot r AEN * Now the mean motion of the fnoon ( 2 ) • thaC of ' 

the fun 2139 • 160, and (938) the mean motion of the Tun-' it’s mearr 

* f 

motion AN in refped to the nodes 34.1,2 260 , hence, Z = — | 9 _i r ±ilz 3 1 ' 

0 3 160 x 360 

x AN= 12,68 x AN , therefoie the fluxion of the mean variation of the in- 
clination, as the nodes move fiom quadratures to fyzygies, is ~ x 12,68 x n z s x 

AN x fin. AEN x cof AEN = 19,02 x ifs x fin JEN x fin AEN, whofe 
fluent is 9,51 x tfs x lin AEN — 16'. 24" x fin JEN*, taking 5=0,896 it’s 
mean value. This is for a circular orbit , dimimfh. it in the ratio of 70 : 69, " 
and it becomes 16' io"x fin. AEN *. Hence, the mean variation of the in- 
clination vanes as the fquare of the fine of the fun’s diftance from the node. „ 
When AEN— 90°, the mean diminution is 16'. 10". This is the mean foe 
one 1 evolution of the moon when the nodes come into quadratuies, it’s half 
theie foie 8 ' 5" is the mean vanation from the mean inclination of the orbit. « 
Now fin AEN z = i — § cof zAEN . Hence, the mean vai lation = 8'. 5"— S'. 5" 
x cof 2.AEN, which fubtracted from 2' 3" the mean vanation from the mean 
inclination gives 8'. 5" x cof. zAEN, the quantity to be applied to the mean 
' inclination in order to get the mean inclination for one revolution of the moon 
at any time. 

947. Now when the nodes are in quadratures, the fluxion of the vanation-* 
is 3»’iZ x fin. MEC x cof. MEC (the fin. AEN beiog pmty) *= 3/1*5 x 

fin. MEC x fin. MEC, whofe fluent is | As x /in MEC 1 = (afluming 

r = ,0871 the fine of the inclination at this time) A 31" x fin MEC 1 -, but 

this mull he increafed in the latio of the periodic to the fynodic 'revolution for 

the reafon in Ait S67 hence, the variation = 2'. 43" * e fi nTMEC 1 for a 

cucular orbit, which diminilhed in the ratio of >]<S : 69, gives A. 40",$ x 

fin. MEC for the vanation of the inclination. #encg, hen the' moon p 

n in. 

* ' * 

* Hence, the mean variation of the inclination is j-xfin. AENxc of AEN, or as afin. 2 AEN 
from which Sir I Newton, Pi. 35. Lib. 3. deduces his very elegant Conltmftion for finding the’ 
inclination at any time. ® 


. m 
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in fyzygies, the variation = a'. ’40", 7 is the diminution of the inclination 
in the tranfit o£the moon fiom the nodes (in quadiatuies) to fyzygies, the half 
of which i\ 20" is the vanation from the mean inclination in that time. 
Hence (946% in the tranfit of the nodes fiom fyzygies to quadratures, when 
the moon°is m quadratures the vanation of the inclination has been 16'. 10" 
— 1'. id' — 14'. 50", and when the moon is in fyzygies^ the vailation has bten 
16'. iotM- if 20" = 17'. 30", therefore if the inclination be f 17' id' when 
the nodes are in fyzygies, the leaf: inclination becomes 4 0 . 39'. 50", and the 
fneah =s j°. 8'. 35". * 

9 


To find the Equations of the Vanation of the Inclination of the Lunar Oi bit. 


948. By Art 927 the fluxion of the motion of the nodes is 3/1*2 x fin, 
AEN x fin MEN x cof. MEA , but (946) the motion of the nodes the 
cotemporaiy variation of the inclination . fin. MEN : s x cof. MEN , 
, hence,' the fluxion of the variation of the inclination is 3«*rZ x fin. AEN x 
cof MEN x cof MEA . Now, writing the fines and cofines with then proper 
-figns, when the inclination is di mini fifing this fluxion is pofitive, and when 
the inclination is increafing the fluxion is negative, theiefoie that it may be 
pioperly applied, it’s fign mult be changed. But AEN=zMEN=i=MEA, there- 
- fore fin AEN=fm MEN x cof. MEA ^ fin. MEAx cof. MEN, hence. 


the fluxion of the vanation ©f the inclination = — 3/fjZ x col MEA 2 x fin. 
MEN x cof MEN cof. MEN* x fin MEA x cof MEA = - 3 u*sZ k 
( i + i coj iM'LA x | fin 2 MEN $ + f cof 2 MEN x J fin iMEA) — 
- 1 ifs Z x (fin 2 MEN fin m zMEA + fin 2 MEN =f 2 MEA) = - | n*s Z 
x.(fin iMEN =f fin. 2 MEA + fin. 2 AEN) Now this is the fame ex- 
prefiion as.that for the motion of the nodes, except that we ha\e heie the fines 
of the angles inftead of the cofines , therefoie making the fame lubflitution 
heie as 111 Art 93 9. we. get th e fluxion of the variation of the inclination 
= -| fsZx (fin. znZ+ imZ + fin. 2 Z + ~imZ - fin. 2Z- 20Z), whofe 

fluent is - \ n x f ~ fin %nZ ± %mZ , ver. fin. 2Z + zg/Z _ ] 

L in+zm 2-I-2 m 


m+zm 


£n iZ znZ ' \ , fi-cof isZ+a «2 i -cof. zZ-t-zm Z 

J- *.».« L +■ 


2—2 n 


^ i 7 cof.sZ- w ,Z 1 = \ um = l „-)-VE 


J 


2 4-2 ?n 

%n's 3 n z s 

To O .. T 


84-6/1 8-f6« a ~8-8« 


3 «r 
8 + 6 « 
x cof. 


z — zit 
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xconlT^f+gfg^xco f.2S- g^xcof zX, and the three equa- 

tions are 8'. i2"x cof 2S-2X+ 39" * cof. *S-4 *"* cof. aX, which ditni- 
mlhed in the 1 at 10 of 70 : 69, gives 8' 5" x cof. 2 5 - zX + 381" * cof zS 

— 41 5" x cof zX for the true equations. And the thiee confcant quantities 
fhow that the mean inclination of the orbit is lefs than it would' have been if 

there had been no difturbing force. * 

949. To coiredt thefe thiee equations. Firft, letus_take — % nsZ x fin^ 
znZ + zmZ , in which, for Z wnte Z, - zw x cof Z x Z , for nZ write 

— zc x fin nZ , and for zmZ wnte zmZ— | » x lin 2 nZ + zffiZ, which is 
the correction of the motion of the node by it’s principal equation (930 J, and, 
multiply the whole by x — 3 ^ x cof nZ } for the reafons already given m 
Art 941. and the equation becomes - | « a rZ x 1 - iwx cot Z x 
x x coi nZ x fin (znZ + zmZ-^c x fin. «Z-| a x fin. 2 «Z 4 - 2 mZ) j 
but fin. (2izZ +• zmZ — 4 rx fin. «Z - f » x fin. 2«Z 4 - a»zZ) =5 fin. 
2 kZ + 2?«Z — cof. znZ + zmZ x 4 c x fin nZ-\-%n x fin TnZ + zmZ nearly^ 
becaufe 4 r x fin. «Z + 1 n x fin. 2«Z + 2»zZ being fmall, it’s cofine is ne-aily 
= x, and we may put that quantity itfelf for it’s fine; make tlierefoie this 
fubfhtution, and actually multiply the quantities, and rejeft — ^ )fs/Z xfin.* 
"znZ^+zmZ v , Inch is the equation to be corrected, and we get the fluxioual 
corredion = ~ n^swZ x cof Z x fin. 2 nZ + zmZ + ~ tfscZ x cof. nZ x tin. 

2 ~nZ> 4- 2 mZ -4~ 3 11* s c Z x fin. nZ x cof. 2 vZ 4- zmZ 4- ~ « 3 s Z x fin. 

2,hZ 4~ 2 m Z x cof 2 ITZ 4- 2 ~in Z neaily, — \n JtyZxfin. -P ztn Z 4~*Z 4 ” 

2,1 - . — , 

1 ji’iwZ x fin. Z + ■g" n scZ^ x fin. 3«Z-|-2.wZ— j tfscZ x 

fin nZ~+~zmZ + « s rZ x fin. 4 «Z + 47WZ, whofe fluent is } n’ati'x 
32 


ver fin znZ ± zmZ Z , , _ ' er fo 2 nZ + zmZ - Z ?JL i 

— — + ? « 17 V X ; _____ -f ~ 

1421/ + 2® zn + zm-i 3 


sr 


ver 


fin 3 n Z 4- 2?« Z 
3 « 4* 2 


, , ver fin. n Z 4 - 2 mZ r t ) 
— j x -J- — 


h+zm « 


'+ — r 
3 J 


TfT .,. fin : =. (by fubftLtuting 1 — cof. for ver. fin ) ; x a. ] ‘ 

4)z4-4/?2 0 " » . * f-zn 

li % WV 0 r — — ■ — — — r — "■ 

- — — 4 - \ ft sc— l nsc 4- —-5 «*r— % x -x eof 2 «Z 4 - 2 »zZ-b A-f <1 * 

1 — -17/ iZo I+-2W ^ * 

i if 

t — ^ V 


-» * 
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7 * 


fi 1 ! Iff 
i - zn 


x cof. 2 «Z + 2 /«Z— Z — * x cof' %nZ-\-zmZ + | nsc x cof. 


nZ-tzt.iZ— — ~ ;/jx cof 4.uZ + 4mZ , but the five firft terms are confhnt , 
120 

and the iVfore 'only affe6t the mean inclination, and the lafb five evprcfs the 
coi regions o? the affirmed equation Now zfiZ H-a-wZ-l-Z = zS — 2-X-pZ, 
znZ + zmZ -Z = 2S — zX- Z, $itZ-\-ztnZ = zS- zX+T, nZ-\-zmZ =zS 

— z k A—T, and \nZ-\- ^mZ = — \X-, and by fubfi.it o ting for n, zv, c and s 

then values, we gef thefe equations, zS — zXr-\-Z ^ x cof, 

7 b-zX-'Z- 20 \* x cof TS-zX+T-I- 8 x cof. 2 S-zX-r- 7 f x cofi 
.46 It is unneceflary to reduce thefe fmall equations in the ratio of 

70 69 

950 Secondly , to cot left - % n*s Z x fin. 2Z + 2 mZ For Z putZ-2w 
x fin Z, and tor Z write Z — zwx cof ZxZ, omitting the othei coriedtions, 
as the efiefts which they here produce are very fmall , hence, the quantity 
becomes — J n 2 sZ x 1 —zwx cot Z v fin (2 Z+z m Z — 4 w x fin. Z) = — 
J n*s Z x 1 — z zv x cot Z x (fin 2 Z4-2 mZ — q.w x fin. Z x cof. 2 Z-f- 2 pzZ) 

— — j if s Z x x — 2 zv x co< Z x (fin. 2 Z+2?»Z — 2W x fin 3 Z-\-zm Z, 4 * 

2® x fin and neglefting - l risZ x fin 2 Z+2 m 2 which is the 

gwen quantity, and alfo thole terms wheie w* e nters as be ing very fmall, we 
get the fluxional corieflion = ~ n*zv s Z x fin. 3 Z 4- zm Z~\n l wsZ x, fin. 
Z + 2 «jZ+ I n*wsZ x cof. Zxfin. 22+i«2 = ^ « 4 ®i 2 x fin.- 3Z-f-2wZ 
-a n'wsZ x fin. Z+ zmZ + f n'wsZ x fin JZ+TwZ’ + - n*wsZ x fin 

Z + 2 >» Z, whofe fluent is £ »’®t x 


1 — cof. 3,Z -j- 2 mZ 


1 - cof Z + zmZ 


■ | H ZVS X 

4 


1*- cof 3 Z-l- 2 mZ 


3+2 m 


+ 1 «* ws x 

4 > 


— f » s ze?r x 


1 — cof Z-\-zmZ 


1 + 2#z 1 * " ” 3 + 2« ,+ 1 -l-2ff; 

= § — “ « a w.r«f- 1 b’w- I | s’wsx cof 3 Z 4 2 «Z -f i ?/2ur 

x cof Z + 2/«Z - f n x ws x cof. 3Z + zmZ — - x cof. Z + 2»Z = 
(omitting the conftant “quantities which affedt only the mean inclination) 
- 1 n^wi x cof 3Z + 2WZ + I k’wj x cof Z + zmZ= ~4-l"x cof 3Z-F2/0Z 
4-4£"x cof. ^ + 2«Z= — 44" x cof zS -f- Z -(-4I" x cof. 2b — Z, the coiredhons 
Required. 

^ * 

951. 7 ’hir-dly , to coireft a n l sZ x fin. zZ-znZ . For Z put Z—zwx 

fin. "Z/ and for Z put Z - zwx cof. Z x Z , and the given quantity becomes 

a n l sZ x *1 — zwx cof. Zxfin [zZ — 2 nZ— ^wx fin Z) = |» 1 jZ x 

1 ~ 2 zv x cof. Zx(fin. 2Z- 2«Z~4‘zyxfin. Zxcof. zZ-znZ) = ln*sZ x 
* 

I — 
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therefore the inclmrtion v. the lead poffibL, co-dequcntly the in 'an mdinanon 
' has decreafed fiom the tune the fan leaves the nodes till it comes into qu.dia- 
tures Now from the time the htn leaves quadiv tunes till it comes to the nett node, 
the cofine of 26' — 2X in creates fiom — 1 to -f- 1 , confequcntly tivj inclination 
mcreafes foi that time, and then becomes the fame as it was viw.i t ye' fua left 
tlie^pieccding node "We have here conl'idemd the inclination without any 
icfcrence to the place of the moon in it’s orb.t, which, as apput.s from the 
other equations, .vfil ah' ft tlie inclination , the inclination hue mentioned 
mufl theiclore be coo' de’cd as nea b tl 2 ruun inclination foi a rcvolupoa of 
the moon I fence, t J, t undo \ unuon in the tiroiit of the tun horn the nodcr- 
to q uadi at cues is the difference beuteen - 3 '. 5" and H 3 '. 5" or 16' i-o" as 
before Hated Sir L Newton makes it 16'. 23^'foi a cnculai oiU.Vhah ' 
di nu niilied in the tatio of 70 69, gives 1 6k 9 $". The othci final! equations 

have alfo tlicir periods, in which they return to the fame quantity Hence, 
tlie mean inclination lemams conflant. 


To reduce the Place of the Mm tn it's 0 >bit, to the Erfiplu . 

9^7 % fphencal Tu gonomc-tr y we have, tan NV- cof. N x tan NM - 

1 — J * tan NM — 1 — f s ~ x tan NM , hence, tan. jV V N AJ. 

-fx’xtan NM pj M 

, + r- TV x unrip = (r utt,n S c - of . Nli for tun, NM) - 


= ~ i s * x fin* NM\ cof. NM nearly, ■= - J s" x 


l sf x fin. NM x cof NM 
i-Kfin NM' 

■fin. zNMj and as NV — NMi is veiy fin all , wc may confidei this quantity as 
eipi effing the difference of the two arcs. Now the moon’s diflancc fiom the 
node = S - } n x fin zS - zX neaily, the latter ?cim being (939) the principal, 
equation of the nodes , and if we conedt the value of S by the puncipal equa- 
tion of the centei -azoxfin Z, we get a more coiicdl 'value of NM = 

S — 2w x fin Z— | Bxfin, 2.S — 2X, alfo, if we con elk the value of s by the 
pnncip.il equa tion - b t ;/ x cof. 2S — 2X (9^8) of Jhe inclination, tt becomes 
j+'j m x col 26— 2_1, hence, NV — NM becomes = fin. (2 — ,qzw' x fin Z 

- f it x fin 2 S - zX) - £ x 1 — i sn * co f 2 s~ zX) nearly, = (fin. zS - 

*» i 

o _ 

4toxfin. Zxcof. zS - ^uxfin 25 - 2 .Txcof zS)x~(-%s* — —s/ixCof. 2~Sr- zXl 

16 „ % 

= - 3 J a x fin. zS- f s*w x fin. Z x cof zS - -1 x fin. 25 x cof. 

r\ 

* 1 2 

ie rji 
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jg i'ti x cof. zS x fin. 26' - z X nearly, — — $ s* < fin, 25 + \ x fin. zS + Z 

_ X s'vj y fin, a 3 TT- 4 *** * fin- zX=- 6 f. 54" x fin. zS + 46 7 x fin. 
z 10 

• m .- 

aS + Z- 46" x 25-Z-23'' x fin, zX the teduoron. 

* • • 

9^8/ Hence,* we may reduce the equations (92,1) for the longitude upon 
the moon’s orbit, to the longitude upon the echpftc, by applying the fiift, 
‘thircl and fourth equations to the equations XV. XVII. and.VI, having the 
’’Tame aigunlents*, and adding the third equation, hence, we get the following 
Equations of the moon’s longitude upon the ecliptic. 


I 

- 6°. 

17'. 32", 

7 fin Z. 

n , 

+ 

13. 0 

fin 2Z. 

HI .... 

- 

9 ' 37 

fin. 3Z. 

IV, ... . 

- I 0 

16 26 

fin. zX— Z. 

"V 

au 

3 - 5 2 

fin. 2 3 C-\-Z* 

VI 

. + 

40, 18 

fin aX ■ 

VII 

+ 

12- 55 

fin. r. 

VIII. . . .' . 

+ 

x. 47 

fin. z-r. 

IX 

— 

1. 47 

fin. Z+f. 

•**,** 

— 

x. 6,3 

fin. zX- T, 

XI 

— 

0* 5°>5 

fin. zX+T. 

XII 

— 

0 ia 

fin. 2 Z - zX, 

XTII 


0. 2,1 

fin, 4-2 — 4X 

* xrv, . . 

- 

0. 49,3 

fin 4X- Z. 

XV • 

• 

6. 4 t »5 

fin. 2 5 

XVI 


X. 28 

fin. 2S — 2X. 

XVII. * . . . 

T- 

I. 15 

fin. 25 - Z. 

xviii. . •: . 

+ 

0. 46 

fin. 25 + Z. 

.XIX. . . 

+ 

2. 12 

fin. zX-Z-T, 

XX. .... 

+ 

2- 3 

fin. 2X-Z+T. 

XXI. . . .. . 

+ 

0. 8 

fin. zZmh 

. XXII. . 

- 

o- 12,5 

fin 25— 4X. 

XXII 1 . w. 


0. 29 

fin. 4X— 25 — Z. 

XXIV. . • . 

♦ 

— 

0. 6,4 

fin. aX+Z- r. 

XXV, . . . 

— 

0. 6,4 

fin. 
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On the true Place and Motion of the Moon's Apogee. 

9 39 Let N be the mean place of the moon’s apogee conededrby it’s annual 
equation, Nu the major axis of the moon’s orbit, E the earth, .Frlie center of 
the orbit, El, EK the greatefl and Icaft excentricity, and with the contei F 
and radius FI defenbe a circle ICKB, and draw AED perpendicular to fin, 
draw ES towards the fun, and make the angle IFH=± zNE S, ancf draw’ 
EHN', and it gives (909) the fituation of the apogee coneded by-it’s annual-' 
and lPs gieat equation. Hence, when the fun is in the apogee JV, N' coincides , 
with N, when EN' becomes a tangent to the circle at C , FHE beccTmes a ' 
right angle, and N' is then got to it’s limit, when the fun comes to quadra- 
tures at A, IT coincides with K, and N' with N, as the fun moves fiom 
quadratuics A to the pengee n, when EN' becomes a tangent to the circle 
at B, IS' gets to it’s limit on that tide of N , when the fun comes into 
fyzygies at n, H then coincides with J, and R' with N, and the penod of the 
equation is completed. The fame takes place whilfl the fun moves from ly/y- 
gies at n to N 

960 By Art. 909. the principal equation of the apogefc is the angle IIEF, - 
now in that tmngle, we know EF, FU and the angle EFH, which is the im- 
plement ofHFI, 01 twice the di fiance of the fun fiom the mean place of the 
apogee co nceded by the annual equation (903) , hence, EF+ FH FF-FH 

tan. | FHE+FEH tan. § FHE — FEH, and if we take EF • FII :: 
5505 • 1 168 according to Sir I. Newton, the log of EF-FH-log of 
EF-+FH= -0,1871317 , hence, if from the log. tan of FHE+IEH we 
fubtrad 0,1871317, we have the log. tan. of \ .FHE - FEH, 'and this fill r- 
traded from the third term leaves the angle HEF, and thus a Table of this- 
equation may be very readily conftiuded. This equation of the apogee added 
to it’s place as correded above, whilfl: the fun moves from fyzygies to'quadia- 
tures of the apfides, or JuhtraSted whilfl. it moves from -quadrat uies to fy7ygies, 
gives the place of tlie apogee corroded by the grea* equation The. following 
Table of this equation and of the excentiicity of the moon’s orbit Is taken 
from Dr. Halley’s AJronomtcal Tables, the argument, called the Annual 
Argument, \s the diftande of the fun from the mean place of the apogeecor- 
xededby it’s annual equation. " - . - 
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961, When £// becomes a tangent to the circle, the equation then becomes 
r a maximum, and this is found by faying, EF , FH : lad ; fin, HEF , afic' 
that, as the point H appioaches K the equation grows lei's, and the .pogee, 
fo fat as it’s motion aides fiom this equation, goes backward, and theuico 
when this velocity becomes equal to the mean piogieflivc velircity*, they will 
deft toy each othci, and r the apogee becomes Rational y, This pofition of tlw 
apogee might be detcimincd by making the fluxions of thefe two angular , 
motions equal, but fudf a method would be veiy tioublefomo in piaAticc, 
and it can be dpne vciy leachly from lfifpedion in the Table, by the inctlioc*' 
of tiial and eiroi. The mean motion of the fun in a day is ij9'.°8'', and tlrr*~' 
mean motion of the"apogec in a day is 6'. 41"; hence, in a day the lun icccdes' 
S’ 1 ' 27" from the mean apogee, confidermg the fun as moving with it’s mean' 
motion, which will be fuEiciently accurate foi the pmpofe foi which it is hue 
wanted, in the time therefoie that the fun iecedes 1* fiom the apogee, the 
apogee has moved 7' 43". Now fiom i k 28° to i*. 29° of aigument, the uio 
tion of the apogee (from the equation) has been lelrogiade n' . 14", and from 
i*. 2,9° to 2. 5 the motion has been 8'. 17", hence, the legieflivc motion mull 
have been equal to the piogiefiive motion fo me where between r. 29° ahd. a"*' •> 
of aigument. By trial and erior therefore n is itadily found, that with ilu 
aigument i% 29 0 , 23' the motions become equal, and this will appeal by ’ 
computing its motion for a very fmall increafe of argumeut, and compiling i* 
witli the co tcinpoiury mean motion Now the equation to the aigument 
i“ 29“. 2/ is if. 42', hence, i\ 29 0 23'- 1 1°. 44'= 4 f, 4l ' the difUnco, 
of the fun from the tine place of the apogee when it becomes Rational y from 
the efied of it’s greateft equation, winch muR be veiy ncu (he tine ch fiance, 
as the othei equations which afFedt it’s motion are veiy fmall, In the paffnge 
therefore of the fun fiom about 47 0 . 41' before it comes to the apffde, to' \f 4 j' 
beyond the apfide, the apogee is pogreffive , and from 42° 19' bcloie U10 
fun comes into quadratures, to 42 0 . 19' beyond quadratures* the a.u. u ; rt 
regrefl ve , - 

962 In half a day, the fun, moving with it’s mean faction, lecedes 20', r > 
bum the mean apogee, aad with that argument jthe^ fun being ip g, 
tlie mean apogee) the equation is found to be 9 12", heace, in one'cUv win'll 
the fun pefiict. thiough rfic apogee, it’s piogiefiive motion hasrboen 18' .> ( "hom 
(he equation, to watch <#.dcl Y 4.1 " the mein motion of the apog'e m tb„* fii ne 
time, and we have 25'. 3" iur the pogicjjnic motion of rhc,ipt/,,o in a tuy, ' " 
whilft the fun pafles tluough the apogee, The fabie is true when tjac Jltfii 
paffes through the perigee, When the fun’s diRancer fiom de apogee is ao 0 / 
the equation in half a day from thence is 14', if, therefoie m a day VhilRjho r 
fun pafles through quadratures, the equation i& 28'. a?/, giving that regieflive 

morion 


/ 
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motion to the apogee, hence, 28" 22"- 6'. 4i" = 2i / .4i "* the > epejive mo- 
tion of tfeeapo^e in a day when the tun pities it’s quadiatu es It appeals 
then fiom thefc twp Articles, that the piogicfilve motion of the apogee m 
fyzyo.es is gieatei than the lcgieffive motion in quadrature , and that in a 
whole ravoluiicfn of the fun in icfpeft to the apog.e, it is propeffire foi a 
longci time tlmn it is lcgieffive. This is the meaning of wha.. Sit I NewtcJn 
has dehvfcied in Cor. 8. Pr. 66 L’b x He fays, M unfeHum efl quod apiides 
in fy^ T gus fuis, per vim abhti turn, progrechentur iclocius, inque quadraturis 
ftlis fardius reccdent pel win addititiam. Ob diutuimtatera *tempons, quo 
Vfiocitas progrefius vel tarditas regieflus continuatur, fit hrcc inequalitas iQnge 
maxima It muffc be ackno- Ldged, ho\/e\ei, that what he* has here advanced 
is no immediate confbquence of any thing winch he has befoie mveftigated 

963. Some of the puncpal equations of the moon’s, motion (349 . . 354) 
weie difcoiued by obhivatioiij but S11 I. New ion having found that the 
moon was letumd in it’s oibit by afoice, which, at dilfcicnt chftances from 
U.10 eaith, vaned mveiCly as the fquaie of the enhance 1, and concluding fiom 
analogy that the fame law of atti action miglu take place between all the bodies 
.in the fyflem, applied this theoiy (called the T/teotv of Gravid) to compute 
the efleft of the fun’s attiadhon upon the eaith and moon, fo fai as ic might 
aflfedl the lelative fituation of the latter as ften from the fonnet , and hence lie 
chfcovered, befides the lriegularities before obferved, other Imaller inequalities 
of the moon’s motion, which alfo were found to agiee with obieivattons. Fiona 

thefe, 

• 

* S11 I Newton, m the f iffc edition of his P?inc:pza 9 page has erven tic following 
SJuohum Ha^en^ <lw ciolibus lun^; qu itc ius exccnlueitas oilus non coahdeutau Smulibus 
compuLitiombus in win, quid poo;a:i-}m,*ubi ip conpimhone vel eppoft one foL, vcilatui, pio‘>ic- 
diij.ii fingulis diebus 25 lelpa^a ikarum, ubivc.om quidintuii* J 1 , it^teduui fpgalis diebus 
16* cncitei ^ quodque ljafius inotus xaechas ammus iit quafi 40“ Pa Tabul , MUuncnucab it 
Ci Flamsifdio ad hypoths fin Horror ii ace unmodatas, apojamm m qdns ivvgus pie<ac- 
ditur eutn motu diumo 24' 28 £,111 qaidutuus autem leoiediL.n cum motu dmuio no 1 12 ", a 
motu m* dio annuo t o ’ 41' fertui in confequentia. Qaod dirTcunUi iplcr moliim diuinum pio- 
greflivum apogei 111 lpfius lyz)gns/ ct motum diuinum regiefhvum ia ^ tins quadiatulis, per 
Tabu las lit 4' i6T, per compu+ationem veib noilram 6}', vir 0 TubiUmin lubauidutn die fui- 
picamur Scd neque coiftputationem noftram falls av-cnuttam c Lh putamns Nam lationan qtwn- 
dam iricundo piodieie apooui n?olus ciurnub piogicihvus in ipfius fy/ y&iib, et motus diurnus 
r£grei]iviis m^ipfius- quadr^uus, p^ulo majores Computationes autem, lit mans pciplc*\as et 
appsoximanombu^ lmpcditas, moc^io l^tis accuratas, apponcte non lu bet* 

#t S11 I Newton found, that if the foice with winch bodies fall upon t lie eann’s fuilacc wcie 
^tendfii to the moon, and to vary mveifcly as the iquaie of the dUtance Lo\a *be c^utej of the 
eaith, it would in one minute drew the moon through a fpace winch is equal 10 the vuful hnr of 
the aic which the moon defcubes m a muiute He concluded thucfoie that the moon ivas xt- 
Uined^m it’s orbit by the fame foice as that by which bodies are attracted upon die eaith. 
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thefe, and other applications of his theory, he was confirmed in his conje&ures 
concerning tie punciple of univerfal gravitation, and the fame- principle having 
fince been further applied, and found to produce conclufions confoimable to 
obfervation, his theory of gravity is now fiimly eftabliihed. In the year 1747, 

M. Ceairaut, m a Memoir read before the Academy of Stiences* at Pans, 
made an objection to "this law, upon this ground, that it would not account, 
for the motion of the moon’s apogee, it giving, accoidmg to Ins calculations, 
that motion only one half of what it was found to be by obfervations ; and he 
concluded, tlfat it was neceflaiy to change this law, by adding fomcthing bo 
cowed it. He however foon aftci wards difeoveted his miftake; and was ft uT~ ^ 
firfi. who gave a* complete theoiyof the moon, in which he Hi owed that Su 
I Newton’s law of gravity would not only account for the motion of the 
moon’s apogee, but a'fo for all the other irregularities of the moon 
M Euler has done great jufh.ee to M. Clairatjt upon lus folutior> of this 
important pioblem, in a letter to the Rev Mr Caspar Wetstein, m 
which he obferves, that « this queftion is of the laft importance , and I mud 
own, that, till now, I always believed, that? this theory did not agice with t\c 
motion of the apogee of the moon. M Clairaut was of the fame opinion, 
but he has pubhckly letiaded it, by declaung that the motion of the apogee 
is not contraiy to the Newtonian theory. Upon this occafion I have lenewecl 
my enquiries on this affair j and, after mod tedious calculations, I have at length 
found to my fatisfadfion, that M Clairaut was in the right, and that this 
theoiy is entnely fnfRcient to explain the motion of the apogee of the moon 
As this enquiry is of the greated difficulty, and as thole, who hitheito pie- 
tended to have proved this nice agieement of the theory with the tiuth,^ hate 
been much deceived, it is to M. Clairaut that we aie obliged lot this 
important difeovery, which gives quite a new luftie to tine the'oiy ol the 
Great Newton ; and it is but now, that we can expedt good Afl.ionomu.al 
Tables ol the moon.” Su I. Newton in his Prtuctpta , Lib. I. Pi op. 45. 


C01. 2, 


by afTuming the mean force 



m.y EM) of the moon to flic 


earth in the dnc&ion of the radius ME, and cpnlideung that force as*" ading 
for a whole revolution of the moon, finds (855) the motion of the* apficLs to 


be only one half o£ the real motion , for this foice 


*1 

EM 1 


l hi y li V - 


the diftancc of the ^apfidcs =180° x r \/ > - — 


- \ tu 

- gives tne entrance 01 tne apnucs =100 v x„ v 1 •» - 

EM 3 6 " 1— r <n 

i8d° x \/T+l m— 180 0 x m, and conlequentfy the mStion is 1 80*^ l tn » 

whereas (903) the true motion is i8o*x|wi. But m this he has neglected 

that part of the force in a direction perpendiculai to EM, and winch is found 

, * " to 
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to produce the other half of Hie motion; and Sn I Newt oh, in this place, 
intended onl^ to (how what pait of the motion the mean force in the dne&ionot' 
the radius would pioduce. In Lib. III. Pi. 3. he fays, that “ the ad ion of 
the fun, fo far as it diaws the moon from the eaith, is twice as great as he has 
afiunjedMt above;” by which he does not mean that he has affumed the mean 
foice ( - ^tnx EM) of the fun too little by one half, but that, as it would 
requue twice *fuch a force of the fun to give the true motion of the apfides, 
tlffe foice which ads in a direction perpendicular *to the radius EM, muft, 
in it’s effeds upon this occafion, be equivalent to the farce — f mx EM 
in the disedihn of the radius. In the fir ft edition of the Ptimpia, in the 
Scholium to the Theoiy of the moon, he faid that he ‘had found, byaveiy 
complex calculation, that the mean annual motion of the apogee was about 40°, 
and that the diurnal motion of the apogee, when in fyzygies, was piogieffive 
about 23', and when it was in quadratuies, it was legrefiivc about i6f , 
this he omitted in his future editions, as he was not peifedly fatisfied 
with his computations. Mr. Machin, in his Laws of the Moon's Motion 
according to Gravity, makes the mean annual motion of the apogee to be 
4p°. 40'. 40 1", upon a punciple which he (lift foggefted, and upon which we 
have in this Work computed that motion, according to the method given by 
Frisi, M. WALksiEY, in his Theory of the Motion of the Apfides , has, upon 
.the fame punciple, computed the mean motion of the moon’s apogee, and liis 
conclulion agrees veiy well with obfervatiqn; but his punciples are altogether 
wrong ; for he has entirely omitted that part of the force which ads in a di- 
rection perpendicular to the radius, which, as we have fhown, produces juft 
one half of the motion ; he alfo affumes the mean difturbing force in the di- 
rection of the radius as ading conftantly, mftead of the real diftuibing force ; 
and he has alfo wrongly computed the periodic time of the moon ; it was by 
accident theicfore that he Obtained the mean motion, in ie(ped to the 
*true motion, his conclufions aie cnoneous. M. Machitst has not given us 
his ’procefs, we cannot therefore fay how fai it was juft. In the Phil fumf, 
1751, Mr, P, Murdock, has given a method of computing the mean mo- 
tion of the moon’s apogee, by firft confidenng only that pait of the diftuibing 
force, which ads in the dnedion of the radius, and then, mftead of fuppofing 
the earth tb be ,at reft, by conceiving the eaith and moon to revolve about 
their common center of„gravity, he imputes about one half the motion to that 
catife, and thence .deduces a conclulion agreeing neatly with obfei vation. 
What wc Have alieady obferyed in Art. 86 x, is fufficient to fhow, that no pail 
of Jhe effed can aufe fiem the latter cncumftance, and he has alio (as we have 
already fhown) omitted a caufe which produces about one half of tlic motion; 
by two miftakes he has therefore fallen upon a true conclufton. 

• .^ 0L ‘ L 9(>4* Now 
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_ 964. Now to bnn3 into 0110 point of view, fhe fources of all the equati jks 
which we have heie tound, ve nuj contidci, fiift, the equation of the center, 
which anfes fiom the elliptic form ot the orbit Sc/onJly, we may confider that 
the diftuibmg toices would change a cucuLu oibit into that of an cllipfe, 
having the earth in the centei, w.th the minor axis lying in fyzygie*', anil theie- 
foie the moon’ > oibit mu ft f. iff or sciy needy a tinnlar effeift , the areas ($ 49 ) 
aie alto acceleiatod and letaided, and from thofe cauies, the mean place chili-t s 
hom the true , thus them is produced an equation, cil'ed the Variation But 
at diffeiont diftan&s of the earth horn the fun, the ihftufbing forces vary , 
this equation theicloie being fiifl calculated foi the mean diftance of" the earth 
from the fun, will be fubjett to a vauation, hom the variation of that diftanre, 
and hence ante Come new equations. Thirdly, the moon’s orbit being dilated 
and contra&ed as the earth approaches to, or recedes from the fun, it’s motion 
will accordingly be dimimfhed 01 increafed, and hence anfes an annual equa- 
tion, affignmg the cufftience between the mean motion at the mean diftance oi 
the eaith from the fun, and the mean motion at any other diftance of the fun. 
Fourthly, the variation depending on the tiue diftance of the fun fiom the 
moon, if the mean diftance at firft ufed be collected by the firft term of dye 
equation of the center, and by the annual equation, new equations of the va- 
riation will anfe. And if the fecond term of the equation of the center be alfo 
taken, and applied, theie will thence arife fuithei equations of the variation . 
Alfa, if the diftance of the moon from the fun be further concfled by the 
evedion, new equations will be intioduccd into the vauation Again, another 
corredion of the vauation may be introduced, by confidcring the diffeienco 
between the difturbmg forces aiding from the fituation of the nodes of the 
lunar oibit Thus, by eorreding the moon’s diftance from the fun, from wlnt 
was fiift , illumed, we get new equations of the variation. Fifthly' the oibit ot 
the moon being inclined to the ecliptic, the diftuibine, force m the oibit is dif- 
ferent from wnat it would be, if the oibit coincided with the ecliptic, and that 
difference of forces will produce another equation, depending on the lituahon 
of the nodes in refped to the fun Sixthly, the diftuibing foiccs caufc a 
motion of the apogee, but that motion is not uniform, it being, regrcfiive 
when the fun is in it’s quadratures, and progreffivc, when in fyzygies, 'bvit upon 
the whole it is piogreffive , theie anfes thercfoie an equation-of the motion ot 
the apogee, winch depcftds upon it’s diftance fiom the tun, there is alto a 
fmallei annual equauon, aufing from the difturbmg forces being difteunt at 
different times of the year. Seventhly , the excentrAtity of the oibiC is tubjedt 
to a change, ini that change caufes a change of the equation" of the cent 1 '!, 
called the eveft’on, hence anfe new equations to be applied, depending or tjpc 
fituation of the apogee, the change of excentricity depending on that circum- 

ftantc- 
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fiance, Eaftthly , the evedhon at the mean difkncc of the earth fiomtht futi 
being found, the-diflurbing force of the fun at different diftances fiom the 
-earth being different, equations of the ejection will hence ante Alfo, the 
diflurbung force varies as the fituation of the nodes vary, and hence alfo an fr* 
new equations of the evedhon La (11 y, if the diflnnce of the moon fuxn the 

fun, be corrected by the annual eo nation, and the motion of the moon 
iSom the apogee be coi reded by tin fame equation of the mean motion, and 
• by the annual equation of the apogee, further equations of the evedhon aie 
=- found, Tints, by corredhng the firffc aflumed values of the quantities tepie- 
P felting the feveral fources of" the equations, new equations anfe, which may be 
Cdnfidered as conedions of theonginal equations, and hence we derive the 
equations of die moon’s motion, winch applied to the me,m place, will give 
the true place. Sf I. Newton calls the equations Menjhu* ?, Scmrjh pi. 
Annua , iAc. according to the periods in which they return. The mean motion 
of the nodes, and the mean inclination of the o'bit, aie alfo corredtcd by equa- 
tion^ found upon fmiilar pi maples, which applied to the mean place of tine 
node, and mean inclination, give the true. The conclutions thus deduced will 
be found generally to agiee vciy well with thole which 41 c cleaved from a diredt 
folution j the few cafes where they vveie not fufficicntly accurate foi a ground 
e of computation, wc have pointed out, and coriedledj but in whatever manner 
this fubjedt is treated, fome corredlions are applied from obfervations, in 
ordei to render the equations more peifedt ; not that the principle of attradhon 
is inefficient to fumifh conclufions which fha.ll agiee with obfervations, but 
that the method of deducing thofe conclufions being only by appioximation, 
ftnall enors are introduced, which aie eafier to be 'corredted by obfcivauon, 
than by continuing fuch laborious calculations in Older to a further corredhon*\ 
Mayer’s Tables t, founded “upon a veiy elegant theoiy which he corredtcd by 
« obfeivations, are Lhe moftcorredt and do not eir more than half a minute in lon- 
gitude. 1 he method however by which we have here treated the fubjedt has this 
advantage, that it fhows the caules of all the equations, and theteby gives a very 
deal and ^comprehend ve view of the whole bufmefs, Thus I have given the 
. c • reader 


* Mc-SER. in his TWa Ian#, page 50, makes this obfervation. Prasteiea in eadem hac 
formula plures termini occcaiunt, quos theoiia, licet fummo ftudio tra&ata, accurate pi«ebciv 
non pote£, ob -ratines nulh non cogmtas, qui in hac re vires fuas ac pntientrun exeicuit. Ho' 
ngitui^ tei minor malui ex obfftv^ombus dtfinue, quam illorum gratu lalculum t udiofiflimum, * 
. me jamdudum lon^e atcijrauys inllit mum, quam a quoque haitenut, faOum, ultenus adhuq perioqui, 
novjifqua jc forte mfipeiabjibus auge.e ddhmhatibus Dcnique etiam eos tenninos, quo> tlit- 
or»i Tatis manifcfte ollendit, per obfervaioius ita curexi, ut pauu- lecuudas adjcflis vel derail, 
(um coelo mag is confenrirent, 

• ,|„Ai. coriefted by £1 Maskecyne. See llicPieface to the 'N/iuinal Jlmanat, 1797, V 3 t. 


ON THE THEORY OP THE NOON. 

reader all the fatisfa&ion I ana able upon this difficult fubjed, without entenng 
into a dired folution of the pioblem, which requiies the integration ot a flux- 
lonal equation of the fecond order, and this can be done only by an approxi- 
mation of a very intricate nature, and of great labour , to explan tke vyhole 
of which fo fully as to render it intelligible to the generality of readers, would 
of llfelf requiie a confiderable volume, by fo treating the fubjed, however, 
we obtain the following veiy important conclufion, which was firfl obferved jy 
Mr. Simpson • That as np terms entei into the equation of "the orbit, but what 
confifl pf the cofine of an arc, or of it’s multiples, all the terms', by a regular 
increafe and decreafe, 'do after a certain time leturn again to then formei values, 
and therefore the mean motion of the moon, and the greateft quantities of the 
fever al equations, undergo no change from gravity. 
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CHAP. XXXIII. 


•ON THE riGURE OF THE EARTH, 


, ^-^Ar t-. TF a fluid body had no motion about its axis, and all it’s pails 
t X were at reft and kept together by the mutual attia&ion of it’s 
^onftltwent particles, the body would form ltfclf into a fpheie, for the pieffures 
of all the colu mn s upon the central paiticle could not be equal, unlcfs they wcie 
all of the fame length Now Sir 1 Newton having piovcd that the bodies 
in our fyftem attiaft each other with forces vaiying inveifely as the fquaies of 
then diftances, concluded it to be an univerfal principle foi eveiy particle of 
matter, and that the paits of each body were kept togcthei by the fame power 
^ 1 83 8) r On this fuppofition therefore, 1 f ‘the earth weie a fluid body, and pa - 
feCtfy at reft, it's form muft be that of a fpheie. But as the eaith revolves 
.about an axis, each particle, befides it’s giavity, will be uiged by a centnfugal 
fqrce, by which the particles will all have a tendency to recede from the axis, 
and hence, M. Huygens and Sir I Newton concluded that the eaith muft 
, put on a fpheroidical form, whofe polar diameter is the fliorteft Foi let POp 
be the axis, £j^the equator, draw abm perpendicular to Pp, and let but lepiefent 
the centrifugal force of the point b, and refolve it into two, one bn in the di- 
rediem of the tangent, and the othei mn peipendicular to it. Then the foicc 
bn diaws- the 41 uid fiom p towards E, and confequently it will dimimfli the 
radius pO and mcreafe the ladijK EO We fhall theiefoie firft confidei, what 
wjll be the form of the curve PEp, and then determine the latio of pO to EO, 

' according, to the punciples of M Clairaut, in his Treatife, entitled, 
Tie one de la Figure de la T erre , who has followed Mac Laura n m his m- 
veftig»tion of the attraction of a corpufcle upon the furface of a fpheroid, 111 
directions parallel to each axis. 

966 Let Pp, §>a be two concentric circles, Othc cente 1 , draw PQOap, 
and ar, peipendicular to it, and join Mi, and jrukc the angles 0 £>b, 

• e§>j%rMs,rMw equal, then QJ> + Qe = Ms + Mw. For from the conftiuflion, 
Mr is parallel to ^a, 'and whence Mr=zQa-, dravv it peqoenchculai to Ms, and 
take s ri; = rs. TJicn as the angle 1 Mt = a ^b, 1 tM=nb^, and Mi — Qa, we 
•'have Mt=e^b Now as the angle sMr= wMr, the chord 1 w = chord 
rs=rv ; therefoie the triangles Mi v, Mrw a»c fimilai and equal, lienee,. 
Mw = Mv ; ‘confequently Mw + Ms =Mv+ Ms = 2 Mt =2 -b §t. 

‘ * , 967 Now 


i 


gg ON THE FIGURE OF THE EARTH. 

067 Now let us fuppofe this figuie to be oithographically piojeCled upon 
a plane paffing thiough Mm, and the two aides will be projected mro fimilar 
ellipfes, and the lints %b, %c, Ms, Mw being all dimmilhed in the fame latio* 
we fhall have in the ellipfes, ^b+^Ms+Mw When by mc/eafing the 
anele rMw it become* greatei than the angle nMx of the fegmenr, ISHv will 
lie on the other fide of M, 01 w falls in the arc MPm, m which cafe, Ms - ^ 

Mw — Sib -f Qc * A 

Kig. 068 The aftia&ion of a corpufcle at A towaids any pyianud Avwzx v the 
, 216. are a vwz.v of whole bate is indefinitely fmall, vanes as the lengthy the angle ~ 

being given, and the attraction to each particle varying inveifely as the fquarc X 
of the didance. For put a =the area zxww, m=*Jz, x = Aa, and let xib be & 

fection paiallel and therefore fimilar to zv, then, tr? s x* •: a ~= the feclion. 
ab h ence = the fluxion of Aab, confequently the fluxion of the attract- 

lion of Aab=-% whofe fluent is — %i the attiadion of any length x which 

tH W , , 

tlieiefore vaues <is »v Hence, the attractions of coipufcles at the vertices ot 
finnlai pyiamids ;uc in pioportion to then lengths. If x = m, we get the ar- 

tiaCtion to the whole pyramid = ~. 

969. Hence, if two coipufcles be fimilaily fltuated in refpeCt to two fimilar < 
folids, the attractions to the fohds will be as then lengths For if the two 
folids be divided into fimilar pyramids, having the coipufcles in the veiticcs, 
the attractions to all the correfponding pyramids will be as their lengths, or 
as the lengths of the folids ; for the pyiamids being fimilaily fityatedan the two 
fimilar folids, their lengths muft be in piopo»tyon to the lengths of the folids , 
and therefore the whole attractions will be in proportion to the lengths of die 
folids , or in proportion to any two lines fimilarly fituatectin them. „ 

Fig. 970. Let Fig 217 be the projection deitribcd in Ait 967 and make the 
217. angles b®y, r^g, sMx, wMz indefinitely fmall arfd equal, and conceive the 
whole figure to levolve about Mm thiough anf indefinitely fmail angle, then 
the pyramids generated by bSly, c§^g, sMx , wMz being fitndai, the attrac- 
tions of the coipufcles, at i^and M towaids them will (968)- be as then lengths. 

But gb + Qc=Ms+Mw, or Ms- Mw when w tails on the other fide of AJ, , 
hence, the attraction of ^ to the pyiamids generated by b < Qg ls^egvml 
to the attraction of M towards the pyramids generated by. sblx, wjMz, t t?o 
attraction to viMz being reckoned negative when w lies on the other lid© oi. 

M Hence, it each attiaCtionbe divided into two, one peipcndicular to A sTtu , 
as bn, cq, sr , wy, and the other parallel to Mm, then fiom tunilar tiungl'-s, 

. - ~ ~ Ini 


r+ 
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T 

ln+{q = st +v>j, confequcntly the attuclions of the coipufclcs at ® and 
Mm a -dnefticm peipendicular to Mm are equal. And as this reafonmg holds 
for every fucli tonefponding pofitions of pyramids about and M, it follow? 
that the attradhon of the corpufdes at ^and M to the whole folids genented 
by ® ea'd, Pupt about Mm through an indefinitely fmall angle, in duedhqns 
peipendicular'to Mm, will be equal. 

o^i. "Now let ®jacl, Pupt be two fimilai fphcroids, and conceive the line 
Pp to pafs through the center, and Mm to be perpendicular to it. Then every 

£lane wtich^paljes through Mm, cutting the two fpueroids, will be fimikr 

elhpfes , hence, by the Lift Article, if we conceive any twq of thefc planes to 
f>£ inclined to each other at an indefinitely fmall angle, the at ti aft ion of the 
corpufdes at and M in a diredhon which is perpendicular to Mm, 
towards the folids between tlicfe planes in the two refpedive fpheioids, will 
be equal Hence, by the icfolution of forces, the whole attra&ion of a cor- 
pufcle at m the dire&iun &JD towards the fpbeioid ®ead is equal to the 
attradhon of a corpufde at M in a duc&ion paullel to <&f) towaids the fphe- 
wid Pi pi. In like manna it appeals, that if T ef be duwn pa allel to the 
* axis Pp, the attiadhon of a corpufde at e 111 the dnedhon eO towaids the 
fpheioid eaJSP' is equal to the attudion of a corpufde at f in a diredhon 
'paiallel to eO towards the fpheroid uptP , 

*972 The attradhon of a corpufde at P towards the fpheroid Pupt is to the 
attraction of a coipufcle at ^..towards the fpheroid Qjad . FO : grp. For 
conceive twp fimilar pyiamids, whofe bafes are indefinitely fmall, to be fimilaily 
fituated in the two fpheroids, having their vertices in P and then (968) the 
atriadhons of the corpulcles at P and ^ will be as then lengths, 01 as PO to 
QO from .then fimihi filuattons. Hence, if we refolve the attiadhon of each 
into the direfhon PO, ®0, t]ie attiadhons m tins dnedion will flail be 
as : PO to ® 0 , from the pyiamids being equally inclined to PO and ® 0 . 
Theiefore by dividing the whole of each fpheioid into finular pyramids it 
follows that the attradhon of the corpufdes at P and to the centers of then 
refpedhve fpheioids will be'as PO QO. 

97 9 I ,ct PEp U be an elhpfe, Pp the minor and EU the majot axis, dt aw MG 
pcrpendiculai to the curve, MT a tangent to it, and MR peipendicular to 


OP and OE Now QT 9 .M §M 


<IG-. 


PM S 

W’ and 'by the property of the 


OP* 

0 ^ =v o f* hence> 


9 JG 0 ^ 


QM 1 

'sir 


ellipfe, QT GP _ OP 
. Of 

X : ^ ut ^ rom ^ ie Second proportion, Of 0 ^ 

hence, OT OP* 


01 51 

or 

OP* 


®a r 


o 


OP*— 0 §£ = OPp-O^x OP- 0 ^= p Pgp :: 

OE* 


r , 
>r 


Fig 
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OJS* : j£AP, therefore 0 E Z = QM t x hence, : 0 §^.. OE . OP , 
OE 7, 

confequently QG — Qpi x OQ. 

074. A fluid body will preferve rfs figure, if the dnedtiofl of it’s gravity 
at every point be perpendicular to ids fuiface, for then gravity eannot put it s . 

07 c If the particles of an homogeneous fluid body attraft each other with 
foies ™?.ng'mv=rfel y as the fqua.es of to dittany, , «d l « rcvoho 
an axis, it will pus on the foim of a fpheiotd. For if PEp U bo 1 fluid, Pf ~ 
It’s axis about which it revolves, then may the fphcioid levolvc in (uchTa tim$, 
that the centrifugal foice of any particle M combined with it’s attiaftion to 
the fpheroid may make this whole force aft perpendicular to the iuitace. ror 
let £ — the attraction at the equator E, P = that at the pole P, F = t ie ccn- 
tnfueal force at the equatoi. Now (97 1 ) the attradion of M in the ducflion 
MR = the attradtion of £^to a fpheroid fimilar to P Up E whofe femi-axisis 
6 >p, and (972.) the attiadhons at P and ^_‘upon thefe fimilai fpheroids^aie as 

©p : J> O', hence, the attiaftion of M in the direftion MR is P x ta ' ce 

Mr = this quantity. For the fame reafon, the attradtion of M in the dne&ioit 

is A x But the centrifugal forces of bodies revolving m equal times 


being as their radu *, we have OE : QA . /, or OR, 


OR , 

F : Fx o£ t ' lc cenlii* 


fu gal force of M-, hence, £-Fx ~=the whole force of M in the diftdion 

MQj, take Mg = this quantity. Complete this parallelogiam M> qg, and 
Mq will be the direction of the whole force adting on the panicle at JM. 
Produce Mq to G It remains therefoie only to be proved, that OE, OP may 
have fuch a ratio to each other, that MG (hall bg eveiy wliere peipcndicular 
to the curve Now by finnlai triangles, g q, or Mn, \ Mg-.. $G : %M, that 


», P*% ■ §§ •■■■%%* 08 . m,o<P-.E- Fr.-QE . OP. ia 

which theie is no line concerned but the two axes 5 therefore to a tpheroid 
having two axes in fuch a ratio, the whole attractive foice will at eveiy point; 
be perpendicular to it’s furface j hence (974), th« fluid will be at left. And 
r r " * Tnuy 


Q % ^ 

• For (827) the centrifugal force varies asf *— *, and in tHs cafe Q* varies as Sjt-, hence, 
the centnfugal force varies as or as the radius* 


* ON THE FIGURE OF THE EARTH. 

F may always have fuch a value as will fatisfy this proportion, by adjufling 
the time of leyolution. Oi having given F together with P and E, the fphe- 
roid whofe axes are as P : E — F muft be that into which the fluid will ioim 
ltfelf 

’•4 G)Q 

970 The attraction at any point M in the direction MR is as Px — — 


PO 


Px 


MR 


l et theiefore P (the attraction at P) be. repiefented by PO, and 

•'MR. V41II reprefent the attraction at M in the direction MR, cmnfcqucntly Mv 
**will reprefent the whole attraction aCting in the direction peipendicular fo the 
jfurfaee. Draw vc perpendicular to MO , then MO Ma Mv . Me • 
the attraction in the direction Mv ( = Mv) the atti aClion in the direction 

MO =2 which vanes as becaufe Ma x Mv is confUnt, by the 

pioperty of the ellipfe. 

977. To deteimine the attraction of a corpufcle at P the pole of a fpheioid, 
.to the fpheioid Diaw Pm, PM, indefinitely near each othei, and 
Ms, perpendiculai to Pp, Pm, and conceive the plane PEp to levohe 
about Pp through an indefinitely fmall angle whofe arc is equal a, radius 
being unity, put PO-i, OE—m, Pg)=z, QM=n, the cofine of MPS>j=s, 
2nd s/tr? —n Now ua= the indefinitely fmall aic defenbed by M about 
Pp, confequently uax Mr = the bafe of the pyramid generated by PMr; 

tici'x. Mr 

hence (968), the attraction of P to this pyramid = ■ s con f 1( ^ enn g 

the .angle MPm as the increment of MP®_, and Mr the uicrement of the 
aic to the radius PM, we have Mi s PM • s/i — j z , hence, the attrac- 
tion of the pyramid in the direction PO — But v?=znf-% - 


alfo, j ^ 


v/x 


in 


7 + 


PM ( raaras ™>cy) = , hence, = z 

zm’ \/ i 


« J u 

\x t 1 

* m~ 


fiom the fiiffc equation, fiom which n = 


s x s 


1 -f ?rr 


hence, the altiaCtnsn of the pyiamid in the direction P 0 = 


2 pm fs 

i 4-«V 


2 mi* 
n % 


* ns , whole fluent is 2 / ,n - z where z is a circulai arc whofe 

* • fJ 


i+«*r aJ 


radids'sr: i y tangent = ns , hence, when 1 = 1, we have — x n~ z for the 

m fr 

attraction of P towards the fbhd generated by the revolution of PEp through 
.Vox II * M an 


S 9 


Fig. 

219. 


90 


Fig. 
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r&n indefinitely final 1 angle, where z is the a'rc whofe tangent is n. Hence, 
as this is the attradion foi every indefinitely fmall folid thus cut, if we put 
t = the circumference of a cncle whofe radius is unity, and fubflitule <. livftead 

of j, we fhall get P = i^x i for the att radio n to the whole. fpheroid. 

But T z = n - \ n* +■ \ n s - + &c. put alfo m = i + d, then id = =a</+ d\ 

hence, by fubftitution, F— ~ x x + - d- - d* + — - d 3 &c If d = o,-\ve 

r $ & J * • # 

get f r for the attiadion lo a ipheie whofe radius = i. - 

97S. To find the"* attiadion of a corpufcle at the equutoi £ of a fpheioid 
EPDp Diaw EK parallel to Pp, and fuppofe a fphere Eli to be mfenbed in \ 
the fpheioid, whole radius is equal to unity Now if we conceive any plane to 
pafs through EK cutting the fpheioid and fphere, the fedion of the fpheioid will 
be fun liar to EPDp , and the fedion of the fphere a circle, hence, if we find 
the attradion to the two folids between any two planes paifing through EK 
and forming an indefinitely fmall angle e with each other, we fhall get the ratio 
of the attiadions to the two whole folids. Diaw EN, En indefinitely neai," 
and NL perpendicular to En, and NK to EK Put EO=m, OP — 1> 
m l — 1 = 8% EK=u, NK=z, tne arc of the angle e to ladius unity — a, and 
the fine of NEO = s , then az = t\it ate defenbed by N, hence, the bafe of the 
pyramid defenbed b y ENL = azx LN, and (968) the attradion of the py- 
ramid = and the attradion in the diredion EO — — x 

=.azs , becaufe, confidering NL as a circular aic whofe radius is EN, 
and the angle NEL as the increment of NEO , LN . s EN • 1 -s i 

U , make 


X 




But by the property of the elhpfe, vdnd = zmz_--z % , alfo s— 
the two values of id from thefe two equations equal to each other, and thcnc« 


we get z 


zm x 1 — s 


1 + idd 


, , t _ zma'k 1 -j‘xx 

hence, the attradion = , ; , -- o = 2 a $ 


1 +aV 


m 3 ns ms 
a* 1 a' 1 


Wr Wl$ 

, whofe fluent is 2 ax — xz--?, where z 1 v a circular 

7 w * 


fir 


m 

X2-T 


arc whofe radius =1, tangent =ns , and when s—i, we get zax 

• W t * 

for the whole attiadion to the part cut off from the fpheroid. _If_we make* 
-m— 1, and confequently-a = o, we have las - %aY*s for the attradion to the 

pyiamid of the fphere generated by Ezvv, whofe fluent, when j=i ? is — for 

the attradion to the correfponding part of the fphere cut off by the two planes. 

Hcpce, 


. > 

% 



ON the'figure of the earth. 


9 * 


771 

Hence, the ratio of thefe attractions is as i ~ x — xz — But (977)* 

1 t 71 71 

^ j 

the attraction to a fphere whole radius = 1, is ~ c, hence, E=cx — rxz- — 

n n 

is the' attiaCtion to the Ipheroid at E. Put *8=1 + 6?, then n l — zd-{-d t z 

* * Ic 

% alfo 9 = « - «* + - a 5 - f n 1 + &c. hence, by fubftituuon, E — — x 

\ • 3 

'* x 4 d- — <P+*— d 3 See. Now (975) when tfie fluid-* is in equilibrio, 

- - 5 35' io 5 

P * • 

' * P ,'E-F : t+d : 1, hence, F=E —3; fubftitute for P and P their 

« « I “F 6? 

values, and we get P=^ c x ^ i- d l - — d 3 See. 
w 3 5 35 35 






979 Let v exprefs the centrifugal foice of a body at the equator compaied 

F 

with it’s weight, then v — p, ’ tlie we ' l g^ t being unity, fubftitute foi E and 

A 2 j 8 

P" their values, and 2>=~ d <P+ „ — d* Sec. hence, by reverting the 

5 173 73 


feues, d= ~ v -\ — — v a - v 3 &c. confequently 1+^ = 1 + ^ v +--£- -n* 
* 4 224 6272 ' 4 ^224 

— v s &c is the equatonal radius, the polar radius being unity 


980. To determine from hence the actual ratio of the diameters of the 
earth. By Art. 965. mn is that part of the centrifugal force bm which aCts in 

oppofition t <5 gravity, now Ob : ba • bm mn — but bm (975) 


'varies as bn, and Ob is conftant, therefore mn varies as ba 1 the fquaie of the 
cofine of latitude. Now according to Sir I Newton, if the eaith be a 
fphere, it’s radius is 19415800 Pans feet. In the latitude of Paris, a body falls 
21 7*4 lines the firft feccnd. The verfed fine of the aic defcribed by the equator 
in 1" is 7^4064 lines, which therefore reprefents the centrifugal force at the 
equatoi* Hence, the force of gravity at Pans : centnfugal force at the equator 
,.2174 7,54064 But rad 1 cof lal Paris* 17,54064 3,267 that part 

, of* the centrifugal force* at Pans which is oppofite to guvity, hence, 2174 + 
3,267 =*2177,267 is tlic;ft>ice of giavity at Pans, theiefore the force of gravity 
. at Paris centnfugal force'at the equatoi 289 : 1 , and this ratio may be 

taken fo* the gravity at the equatoi to the centrifugal foice. Hence, z*=- 4 -, 

288 

* m 2. confequently 


Fig. 

214. 
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"confequently d— 


5 

1152 


1 

230^4 


neglecting all the terms after the fiift on ac- 


count of then fmallnefs. Hence, the latio of the diameters is as 1 • 1 q - — . 

, „ 2 3°>4 

, 230,4 * 231,4, or as 230 ; 231 without any fenfible difference bir I. 
Newt oh makes it 229': 230, from which ratio the above docs '’not lcnfibly 
differ __ 

981 If the whole denfity of the body fhould vaiy, then the gravity £_ at 

the equatoi wilfvaiy as* the denfity, but the centnfugal force, I^vvill not'be *' 

F p ' 

alteied, now v = £— ^ = — neai \y , hence, wanes inverfely as the dc-nfity 4 

neuly, confequently d will vary nearly in the mveife ratio of the denfiry" that 
is, by mcreafing the whole denfity, the body approaches nearer to a fpnci c. 

9S2 To find the latio of the diameters of Jupiter. Let /-=lhe time of it’s 
rotation, T = the time of revolution of one of it’s fatelbtes, /i = the difiunce of 
that fatellue from the center of Jupiter, the radius of Jupiter (heie fiiypofed 

a fpheic) being = 1. Then (977) as — expreffes the attiadfion at the I'm Ucc 
of Jupitei, ~ — the attiafhon of the fitellite. Now the centnfugal foiccs 

4* 

being as the indii dneclly and fqiures of the periodic times invcilcly * , 
and the centrifugal force of the fau line being equal to it’s centripetal lotcc 

(thefe foiccs in a ciicle being always equal), we have, 4- — ~ 

t * 3 /t 

Hence (978), ~ d— — d % — — d 3 &c. = vo, and by the reveifion of 

fencs, d= § ™ + + w* &c. confequently 1 +d=i +5 to 4- 15 - id 

4 224 39 2 7 4 224 : 

+ 3^2 &c * Now accoidin g t0 Cassini, the time of the rotation of 

Jupitei is 396', and the diflance of the fourth fatelhte, according to Mr Pound, 
is 26,63=^, and the mean time of it’s revolution^ 2403 2' = ?. Hcncc, the 
ratio of the diameters becomes 100,5 9 °j 5 By obieivation, Mr. Pound 

* , found 


c A -s 

* For by Art. 827. the centrifugal force varies as ^-\ vLefi* - the periodic tunr iritft 
circle $>_x, v = the velocity in the cncle, then wanes as %x, becaufe the "time is .given ;'bu 

P varies as C -~^, or as *£■, therefore ~ vanes as — which vaues as £l* f or asThe 
centnfugal force. * 
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found the ratio of the diameters’to be 12 : 13} and Dr. Bradley as 12,3 : 4 

I $ 9 9 

983. Hence, the difference of the diameters being \ w, taking the foil 

teim oqly <foi *he value of d, it appears that that diffeience, or w, varies as 

or dnedtly as* the fquare of the velocity of the planet about it’s avis. Herffce, 
and,by'*Ait. 981'. if the denfty and time of lotation ihoulil vary, the diffeience 
of tlie diameters will vary as the Tquaie of the velocity diredly and denfity 

• * * r , * • i* 

mveilefy. . • 

9S4 Su 1 . Newton- determines the ratio of the diameters of the earth in 
^he following manner 51 *. He aifiumes the figure to be a fpheroid, and finds 
the centrifugal foice at the equator giavity i 289 as in Art 980. He 
then aifiumes the latio of the cliamcteis to be as xoo ioi, and finds the gra- 
vity at the pole - giavity at the eq unit 01 • 501 * <;oo Now if we conceive 
two canrls to be cutfiom the pole and equator down to the center of the 
eaith, and filled with a fluid, they muft balance each other But the foice of 
gravity at diffident paits of the* fame canal \ants diredly as the diftance 
hom the center, and the centnfugal force of eveiy point of the equatoual 

canal 


* * Su I. Nfwton in his Pt »mpm> Lib 1 Pr 91 Cor. 3. proves, that if a co*pufde P be 
placed within a fpheioid, it is attiadled to the center 0 by a force proportional tolfPO For 
conceive the fpheroid Pp to be fuiular to the given fpheroid MTR> and draw the radii 
0 pV 7 OP M y and draw npst> making an indefinitely fmall angle npm, then 

confidering fmn, ptv as fimilar pyramids, the attraction of p to them (968) will be as their 
lengths; but by the piopeity of the ellipfes, ww-pm, thetefore the attrattion of p to 
the part «ustnj ~ the attia&ion to p?m, hence, p is attracted only by the pyramid pwr. 
Thus n appears, •tlv* the atti action of p is onl) to the fpheroid PQ^y hence, the attrafhon 
(969) at p . the aUuTni .u V pO VO Hut tln^ is not^tiue foi corpufcles in different 
rjdn For is a fpheroid iimilir to MIR ; and (as above pioved) the toipufcles P, p, 
will not be diftuibed by the attiaChon of the matter exterioi to PQ^, confcqu^ntly (976) 
the aiti adlion of p to 0 *the altra&ion of P to O PO p 0 , but (969) confidering rz fimilar 
to P^, the attraction of a cofyufcle P the attiafhon of a corpufcle r , PO 1 0 , theiefoie 
the att*a£l On of p to O : the altra&ion of t to O . P O z pOxtO pOxPO % pO l XtO : 


pO 


tOx 


p<? 

PO z . 


p 0 


rO X 


V0 % 

MO z 


Therefore for toipufcles fituated in different radii, this 


laft propoition mull be applied, and not that of Sir L Newton From hence it alfo appears, 
that if FOy MO be two canals meeting at O and filled with a fluid, they will balance , for the 
ffuxiSns of their ptefluics will be c-»s thefoices of atlradhon multiplied into the fluvions of their 

• * * JH # - — VO* VO ~ 

lengths, 4 ir as p¥)xpO . rOx 9 rOx%^^iy whofe fluents are as pO 1 ?0*x and udwu. 

Op anti Or become oVand 0 $, we get the whole pieffures as 1 t, or they balance each otheu 
I f isftom affummg this pitnciple, that Su I Newton pioves the ratio of the diameters of the 
earth, and that the attrition on the fuifacc varies inverfely as the laclius. Hence alfo, any 
fimildi parts O/, OP will balance each other. 


Fig. 

£21. 
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canal vaiying (97 5) in the fame ratio, theiefore the whole force to the center 
varies as the diftancc from the center , and if we take any two indefinitely 
fmall parts of each canal, fumlaily fituated, their weights muft be as the weights 
of the whole, and as the weights are as the magnitudes and .gravities, they 
will be as xor x 500 xoo x 501, oi as 505 501 Hwice, that there teay be 

an equilibnum, the centrifugal force muft take off from the equatorial 

canal, and then^the weights of each will be equal, and they will balance JBut 


I ^ 

the qentnfugal force of the earth at the equatoi takes off -g - "part of giavity , 

9 A 

A x XX * 

hence (266), — . -s- •: — : the excefs of the equatonal above tlic 

' ' 505 289 100 229 n 


polar radius, theiefoie the ratio of the radii is 1 


1 + ot 229 . 230, 


985. To find the ratio of the diameters of any other body, Sir Isaac pro- 
ceeds thus. If the body be greater or lefs than the earth, the denfity and time 
of lotation being the fame, tire latio of the centnfugal force to giaVity, and* 
theiefore the ratio of the diameters, will remain the fame But if the tune of 
rotation and the denfity vaiy, the diffeience of the diameteis will (963) vary , 
veiy nearly in a duplicate latio of the velocity dire&ly and the denfity inverfely. 
Now the earth levolves in 23J1 56', and Jupiter in 9 k 56', the fquaies of thefe 
are as 29 5 veiy nearly, and denfities (as will aftenvaids appear) are as 400 ■ 

94,5 , htnee, the difference of the diameteis of Jupiter * it's leaft diameter . 

5>,Q AOO I 

' J * 1, or as x 9| very nearly, hence, the equatoi ial i the 


5 94,5 229 

polar diameter of Juprtei 


10 i : 9|, agreeing very nearly witlr Art. *982. 


986. The latio of the diameters of the eaith and planets here deter mi nt ^.1 
from the principle of attraction, fuppofes the earth to be of an umfoim denfity, 
but as it appears that this does not give accurately the ratio of the "diameters 
pf Jupiter, it will be proper to examine, how this deteimination agrees with 
the figure of the eaith deduced from an aCtual menfuration. The method of 
performing this operation, I fhall explain from the meafuicment of a degree 
of the meridian at the polar circle m Lapland *, by Ccairaut, Camus, 
Le Monnier, JMacpertuis, the AbbC Outhier, and M. Celsius of 

* * “ Upfal! 


♦ From the meafurement of the dtgices of the meridian xu France, the longefi degree appeared 
•xo be that which lay moft to the foiith, fi om which Cassini concluded that the earth vs^s an 
oblong fpheroid, or the polar diameter the greatefe To fettle therefore the figure of the eaith, 
the meafurement of a degree ol the meridian at Lapland was undertaken. 


» 
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Upfal. They fet out together from Stockholm, and went to Tornea j from 
thence they departed on July 6, 1736, to furvey the country, and fix the 
piopei ftations! Fig 222. reprefents the triangles, upon which the calcula- 
tions of the degree of the meridian were founded T repiefents Tornea, 
n, Niwa , JC, Kakama , C, Cuitaperi , A, Avafaxa , P, Pullingi , j^, Kittis , 
N, Niemij and H, Horrilakero. Thefe aie the ftations fiom which tjiey 
meafur§d the angles, which they found to be as follows. 

m 

\ 


£TK= 24°. iz'. 34", 5 
KT *s ig. 38. 17, 8 
2 nK = 87. 44. 19, 4 
TJnK= 73. 58 5, 7 

JnH= 21. 32, 2, 5 

HnC= 31 57. 3, 6 

7 Kn = 72 37. 27, 8 
CK11 = 45 50. 44, 2 
HKn = 89; 36 2, 4 

HKN= 9. 41. 47, 7 
KCw = 28 14. 54, 7 
ITCT* = 37 9. 12 

KCH = 100 9. 56,8 

30. 36. 33,4 


HAP= 33® <t 3 ' 36",7 
HAC — 112. 21. 48, 6 
$1. 19. 53, 5 
HPN — 37 22 2, 1 

NPg= 87. 52. 24, 3 

tf$P= 4 ° 14- 5 2 > 7 

^ZVP= 51 33. 4,3 

PlVif= 93. 25. 7 , 5 

27. 11. 33,3 
CHJ= 36. 42 3, 1 

CHn = 19. 38 21 
'iiHK = 16. 26. 6, 3 

AHP = 94. 33. 49, 7 
PHN= 49. 13. 9,3 


Fig. 

222. 


* 

Thefe are the angles as meafured with a quadrant of two feet radius, fur- 
nifhed with a micrometer, and reduced to the horizon. 


987. *Let JjJM be a meridian line, and from the feveral ftations draw the 
dotted lines perpendicular to it , and QM is the diffeience of the latitudes of 
Tornea and Kittis, which we want to determine in meafure of toifes. For this 
purpofe, it was neceffary to meafure fome bafe line, and conned: it with the 
above triangles. A line.# £ lying on the ice was therefore accurately meafured, 
and found, from the mean of the two meafurements, which differed only four 
inches, to be 7406,86 toifes. And the following angles were found by men- 


furation. • 

« 


* * * ABb = 9 0 . 22'. 0" 

. * * • * * ' AbB = 77. 31 30 

• • * ACB = 34. 40. 28 


• 

• * BAC = 22. 37. 20 

• 

• 

• 


988, Now 

* • 

t 

# • • 


• 
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r 988. Now in any triangle* the angles and' one fide being known, the other 
Tides may be computed ; hence, m the triangle ABb, we find JBA — 7242,76 ; 
therefore in the tiiangle ABC, we find 8 659,94 toifes. By proceeding 
thus with the triangles ACE, CHK, CRT, AHP, HNP, NP^, we find 
./.P = 14277,43, P£>~ 10676,9, C?'=24302, 64 toifes. 0 r ' - 

^89. To dcteimme the pofition of thefe triangles in relpecl to. the meiidiaa 
the paffages of the fun at through a veitical cncle'to P andiV was 
oblcived for many days, which gave the angle P^M= 28°. 51' 52", -'and 
NQM = n° nz°. 54V TTrnce, PQD = 6V 8'. 8", APE — 84°. 33'. "54", 
ACp'=8i e . 33'. 26'', C‘7 J G = 6g a . 49'. 8"; therefore by the l'cfoHtion of tht 
light angled tiiangles PD <^, AEP, AFC , CGT, we get 

r 

TL> = 935°>45 toifes. 

AE = 14213,24 
AF = 8566,08 
CG = 22810, 62 


4940,39 


Which is the arc of the meridian palling through Kittis, and terminated by a 
perpendicular from Toinea. 

990 The fame may be computed fiom the ti angles CHK , CAT, 

HKN, HNP, NPQ, by the refolution of which, we find <^=13564,64, 
JV2f= 25053,25, AT= 16695,84 toifes, alfo ^Nd=ii a 22' 54% KnL — 

86°. 7'. 12", KTg=Sf 48 ' 7"i hence, by the refolution of the u»Kt unpled 
triangles, Ng>d, KNL, Kgt, we get, '• 5 

iVii? =13297,88 toifes f 

XL =24995,83 

=16651,05 . 

- — - - — m r 

.^M= 5^944,76 


The mean of thefe two values of QJvI gives toifes. 

* * r " 

991. If we take the obfeivations fiom we may compute the value of QM, r 
from a great variety of tuangles Accoidingly, ten othe* values of §>M we le 

computed* 

» - * 




t 
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computed, the mean of which* gave §>M= 54922,1. The obfetvcis ho* eve* 
(for mafocs jrot affigned in then account of die menfuiation) piefenc!.' die 
def animations of QM fiom the mean of the two firft values of it. 

99s The next thing to be determined was to find the degiecs in the an 
QM . Th lif was done by obfciving the chfFeience of the zenith diflances of the 
fame ftar akKittis and Tornea The inftrument they ufed for this puipofh was 
• # made» by Mr Graham, and the dmfions being venfied by a nncrometei 

adapted to it, the error never amounted to abote 2" or 3". 

*995* The flar $ "Dramas was obferved at Kntis and Tornea, "and the difference 
of the zemth ‘diftances, aftei applying the pi oper corrections, was found to be 
- . 57 / -26",9 By a Dr atoms, it was found to be 57' 30"* 4 , the mean of thefe 

is 57*'. 2 8", 7 , but this is not the arc £>M, becaufe the point at Kiltiswheie 
the obfervation was made, was 3 toifes 4 feet 8 inches moie noith than the 
point i^, and the point at Toinea where the obfeivation was made, was 
73 toifes 4 feet 5! inches more fouth than the point T , theie mufl alio be 
added 3 j 3^ toifes, becaufe the points 2° and ij^are not in the fame meridian, 
, tlie fum of thefe is 80,9, this added to 54942,57 gives 55023,47 the length of 
. an aic of 57' 28", 65 ; hence, 57'. 2 8", 65 : 1° 55023,47 57438 the length 

of a degree of the meridian at the place of meafuiement. But we muff fubtiadV 

• x6 toifes from this, on account of reflation, which Maupertuis neglefted, 

• hence, the length of the degree becomes 57422 toifes. The latitude of the 
middle of QM was 66°. 20'. And by companng the length of this degree 

• with the length 57183 toifes of a degree meafured by M. Picard between 
Pans and Amiens, the latitude of the middle of which was 49'. 22', the earth 
was found (995) to be an oblate fpheroid, and the ratio of the diameters 
17*8 179. 

99 4 ' In taking the angular diftance of two objects upon the eaith with a 
^quadrant *, if they be at any altitude above 01 below the furface, that angular 
•diftance mufl: be reduced to the honzon, if we want ltfoi the pmpofe of cauy- 
mg on a meafurerribnt upon the earth’s furface , that reduction may be thus made. 
Let Z be the zenith, MN the honzon, A and B the two objeas. Find then 
• . altitudes IfiA, NB, and al£o their diftance AB , then in the triangle ZAB, wc 
know aU the fide% to find the angle Z, or the aic MN , which is the angulai 
diftance of the two obje&s reduced to the honzon. We avoid this redudion 
howevei, when we obferve with a theodolite having two tejefcopes which 

• move vertically Qn an horizontal axis. 

99 5 - To 

• * • 

• • 

* For this purpofe, the quadrant muft be fixed upon a centet, fo that it 11147 be put mto any 
portion. ^ 

• Vj)L, II. N 

• M 
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r 9< 5 'I o nnd die ratio of the diameters, fiom the lengths of two dcgiecs m tu 

known litundes let Pp be the earth’s axis, EPDp any nitudian, F. the eauatoi , 

M any place, dia\v the tangent Alt meeting OE in /, and DOK paiallel to it, alio 

Afsiw peipendical tr to Alt, and Mr to OE, and let Mx be the tadius of cuna- 

, r XT , o , , OK* , „ r OP* , f VO F x'OP 

to M. Now by Conics, Af*'= ~rr~ > but Mtz = --j—, and OA = . 

3 Ala Alv ( " Ala 

hence, A'l\ — ^ 3 r ^ Llt a c ^ e g, ice °f lat tade mud vaiy as AIx\ and" oJn- * 

" <• OF* AIR 2 AIR * c OP 

fluently as Mu 3 Now Rt= ~ x and , hence r %R = ^ 


y OR. But OFT 


OE 1 Oi 34 

= y P 0 a - MR\ .hence, vR*= 


OP*, AlRr 
' OE- 


confcqucntly Mv*= 


OP a v MR a 

~~Xvr~ +AlR t , but if 1 “ — the fine of tAIR, 


oi oi latitude, AIR 1 = Afv* x T", by fubftitution theiefore, we get the value oi 
OP 4 

■ iW “ o f* k i -r+Oi^x?* ’ hence, a degree of latitude, or Aft 3 , vanes ( 

' i a 

invcilely as OE* x i - T--\-OP* x E* *, oi 0 £“- OE~—OP z xT 1 * But if 
the fphcioid beveiy neailj. afpliere, and OP . OE : i : i -fJ, then A/v 3 vanes 

3 * 

mvcifcly as i -- idJ - ", oi inveifcly as r — *d\ T* very nearly, d being veiy filial 1. 
Hence, if ?, t be the lines of any tvt o latitudes, and m and a leprefeni the lengths 
of adegieeof each lefpCctively, weluve ?,i • n i-ylt " 1 — 3 </ 7 ®, conL- 


- , , m — u 

fequently a = —? 

1 3 ~3 nt ' 

3 m ymPt* — $nt* 


Hence, the ratio of the d'nraetcrs l'S ,v. 


596. Now the length of a degree in diffhent latitudes is/accoidmg-to 


Maitpfrtuis 


m latitude 66° 26' 


Cassini and dc la Caixxe 

r 

Boscovich 

Juan and Uxxoa -j 
BoUGUER > . 

De la Condamine J 
Mason and Dixon . . 


at the equafor 


39. iz 


Toifis. „ 

57& zz 

57069 

5702S 

56979 , 

-56768 

5 e 753 r 
• 5 6 ? 5 ° 
5688S ' 


Hfcticc, 


#• < 
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Hence, wc get the folio wing*i alios of the diamcteis of the euth , 


L 5 t. 66° 

• 

20 

’ and 49'’ 23' , . 

• • 

• g've 

I 3O 

131, 

or 

200 

201,54. 

66. 

zo 

and 45. 0 . , 

* • 

, . give 

150 

151, 

or 

200 

. 201,33. 

'•66s 

• 

> zo 

and 43. 0 . . 

« • 


M 7 

148, 

01 

200 

20;, 36 

66. 

20 

and 39. 12 . . 

• • 

give 

140 

i}i» 

01 

ZOO 

- OI > 43 » 

, 66. 

20 

and at equal by 

Bo 

UGirt R 

216 

217, 

01 

zoo 

200,92 

49. 

2 3 

and at equal, by 

Botrsui- r 

312 

* 3 * 3 » 

01 

200 

200,63. 

39 - 

12 

and at cquat by 

Bo 

UGITI R 

37 ° 

• }7 X > 

or 

3.00 

200, 5p 

66. 

zo 

and mean at the equator 

217 

• 218, 

01 

200 ’ 

200,92.. 

• 45 * 

0 

and 49°. 23 / 


• give 

321 

322* 

or 

200 

200, §2. 

* 45 * 

0 

and 39. 12 . 

* 


112 *■ 

113* 

01 

200 

201,78 

45 * 

0 

and at equat by 

Bo 

l 0 IT 1 R 

3 1 1 

31a, 

01 

200 

200,64. 

43 

0 

and 39 0 . 1 2' . . 

• • 

• gv^c 

109 

. no, 

01 

200 , 

. 201,83. 


997 The mean of all the confequents of the lad latio is 201,13; hence, 
the latio of the dumcleis from. the mean of thele twelve companions is zoo : 
201,13, 01 reduced to that ratio, the difference of whole terms is unity, it is 
177 178, which is 1993) extremely near to the latio deduced from the mea- 

furement at the polar ciicle and in Fiance. But the great dilfeience of the 
.lefults fiom the different companfons, fliow that we cannot depend upon the 
accuiacy of the mean iatio. Indeed, other authors have deduced a mean rauo 
fiom menfuiation, agreeing very nearly with Sii L Newton. 

998. In the yeai 1738, when M. Bouguer was at Peru, meafuiing a de- 
gree of longitude, it occuned to him to pul the Newtonian theory of gravity 
to the teft, by examining the attraction of mountains. This he communicated 
to his colleague M de la Co nd amine, and they made the trial upon the 
mountain Chimboiaco, the attraction of which they judged would be about 
*the 2000th part of the attiaChon of the whole eaith, and thercfoie they con- 
cluded that a plumb line would be diawn out of it’s vertical fituation thiough 
an angle of 1'. 43" towards the mountain ; whereas it amounted only to 7*-". 
But* the (experiments were, made undei fo many disadvantages, that no great 
dependence ^can be placed upon the accuracy of the lefult. This fatisficd them 
howevei that the»mountain had an attraction, although it was much lefs than 
what was expeded from it’s bulk. But it appealed,* that this mountain had 
* once been .a Volcano, and therefore was probably hollow in many places. M. 
BcTuowjer Concludes his* account thus “ that as in Fiance or in England, a 
hili may be foulid of fufEcient height for the puipofe, and efpecially if the ob- 
fewer would double the action, by making a ftation on each fide, he lhauld be 
happy to hgar on his* letuin to Europe, that the experiment had been lepeated, 
• , n 2 whethei 
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whether the refult tended to confirm his obfertations, 01 to thiow fomc battei 
light upon that enquuy.” Accordingly, the Royal Society lequefrcd Di. Mas- 
xfeyne to undeitake the bufinefs, who repeated the experiments upon Sclie- 
hallien m Scotland, with an excellent zenith fectoi, made by Mi. Sisson ; 
his Majesty very hberally undertaking to defiay the expenfes. ' FicJm ,obfcr- 
vatusns of ten ftars near the zenith, he found the difference of latitudes of the 
two ftations on the oppofite fides of the mountain, to be 54", 6 , and by a 
meafurement by triangles,* he found the diftance of the two parallels tc/be 
4364,4 feet, a leveling, jn that latitude, to an aic of the mendian of 42", 94, 
which is 11 ",6 lefs than by obfeivauon , it’s half therefoie, 5", 8," is rhe efiedt of 
the atliadion of the mountain , and fiom it’s magnitude, compaied with the 
bulk of the whole eaith, Dr Maskelyne difeovered the mean denim of the 
eatth to be about double that of the mountain Thus, the do&une ol C T ,iu\ih? 
Gravitation + is finniy efLablifhed. Dr. Hutton in the Phi T ravf. foi 1778, 

iias 

* Dr Masxely n i deduced the following confequences : 

1 It appears from this experiment, that the mountain Schchnlhen exerts afenftble nttiaftion, 
theiefoie, from the rules of philofoplufing, we me to conclude, that every mountain, ami indeed 
eveiy paiticle ef the eaith, is endued with the fame property, 111 proportion to it’s quantm of 
mattei 

2 The law of the v-ai ration of this force, in the inveife uxtzo of the fquaies of the dilhmces, us' 

y h f. lr . r Newton, is alfo confirmed by thi, experiment For, if the lo.ce of uttnu - 
tionof the hill hid been only to that of the earth, as the matter m the hill to that of the earth, 
and had not been greatly mcieaied by the neai approach to it’s center, the attiaftion theicof mutt 

tlT uv , E w n ° Wj by 0 d y lu PP 0fln g the “ ^ufity of the eaith to be 
double to that of the hill which feems veiy probable from other confideiations, the atti.iftiop of 

the hill wiU be reconciled to the geneial law of the variation of attraftion m the inveife duplicate 

[ °f ^ ? lftanc ”’ f 8 deduced by Sir I Newtqn from the companfon of the motion of the 

tdlbe pmfemd SraV1 T at the fcfa « ** earth, and the analogy of nature 

3 We may now, therefore, be allowed to admit this law, and to acknowledge that the mem' 

S** of ■» *• “ •“*« f tta at ,ho fW.ce, and the tJoZTf 

he internal puts of the earth is much greater than neat the fuiface./ Hence alfo, the whole q.L 
tity of matter in the eaith will be at leaf! as gieat again as if it had' been all compofed of matter 
of the fame denfitv with that at the fu Ace, or will be about four 01 five times as W is t u 
eie ell compofed of water The idea thus afFoi ded us, from this expcnment, of the %reit den 

lnT c t ^ T k ^ °f y a ' gl6at Il0ll0W fheI1 ot mr > %>P°‘ Wig itfelf from die pi opeity of 
an arch, with an lmmenfe vacuity in the nudft of it But, were that the cafe the att.n^l, J < 

mountains, and even fmaller inequalities in the earth’s furface, .wpuld be vay meat "cont.™ 1 * 

SnSetdo 8 andT d ° f the de £ rees ° rthe "widun much more i 7 uu 7 wc 

they do, and the variation of giavity in dnTe.cnt lmtudes in going fiom the eciuitm tf tlm " 

Sr r bt ““ “ "8*. ® tt bw ftj „p,„. 
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has calculated die attiadhon of this mountain fiom the obfervations of Di Mas- « 
kelyn«, and found that the denfity of the mountain was to the mean denfity 
of the eaith as 5 9 , now the denfity of the mountain was found to be to the 

denfity ofiaair^ water as Zj . 1 , hence, the mean denfity of the earth is to the 
denfity of rain water as 4§ : 1. The internal paits of the earth aie therefore 
much denier Thaji thofe at the luifa.ee, but in what manner the denfe paits are 
difpofel! mufl be uncertain If we fuppofe the eatth.at full to have been in a 
fluid date, and the Afferent parts tojhave taken then places according to their 
’giavity? the cenjnal parts mull be the moll denfe, tire effe&s'bf which upon 
the ratio of the diameters of the earth we fhall afterwards finite. • 

. 999* The vibration of pendulums upon diffeient paits of the eaith have 

been ufed as a means to dctcmune the ratio of it’s diameteis , for this purpofe, 
we mull find the foice of giavity upon different paits of it’s furface. To 
invelligate this, let Pp be the polai, and Ai^the equatonal diamelci By 

Art 976 the atttadion at M peipendiculai to the furface vanes as . But 

it x =the mean ladius of the eaith, and 1 +e=EO } then (882) MO = 1 + e x 

cof. 2 MOE, hence, = — — = 1 - e x cof 2 MOE =i-e 

MO i+tfxcol. 2 MOE 

vei . fin. 2 MOE , therefore the increafe of attra&ion from the equator to 
the poles varies as the veifed fine of double the latitude very nearly, or as the 
Iquaie of the fine of the latitude , , which is the fame ratio as that by which the 
degrees of latitude increafe. 

xooo If the time of vibration of a pendulum be given, the length vanes as 
the gravity, and confequently (976) mveifely as MO Hence, the length of 
a pendulum vitiating feconds, increafes as it is earned towaids the poles. If 
theicfore the length ol a pendulum vibrating feconds in two latitudes could be 
accu lately afeertamed, we might afeertam the ratio of the diameteis of the 
earth, the denfity of.the earth being fuppofed to be uniform Now it is found 
by obfcnations, that th* length of a pendulum vibrating feconds mcieafes 
from «tlie equator towaids* the poles, agreeable to what ought to take place ac- 
cording to «oui jheoiy , but if we deduce the ratio- of the diameters of the eaith 
• d fiom 

• 

% 4 •tlic denfity of fuijerficial paits of the earth, being, however, fufEcient to pioduce fenfible 
definitions m the* plumb-lines of «ftronomical mill undents, will thereby caufe appaient inequalities 
mi the menfurations of degrees m the meridian, and therefore it becomes a matter af great impoi#* 
tanct to chufe thofe places for meafunng degiees, wheie the irregulaL attra&ions of the elSvated 
be fmall, 01 m fome meafure compenfate one another, or elfe it will be neceffiuy to> 
make allowance^ for their efEc&s, which cannot but be a work of gifcat difficulty, and peihaps* 
Inlaid to git at uncertainty. 


ON THE FIGURE OF THE EABTH« 


A Table of the Lengths of a Pendulum? in French Lines, vibrating 
Seconds upon the Surface of the Earth, from the Observations 
made at Peru, Pans, and Spitsbergen. 


Degiees 


Length of the 
Pendulum. 


Lines. r Degiees Lines. 


39»” 
39> 12 

3 


439,16 

439> rS 

43-9,20 

439,22 

439> 2 4 


39=5° 

39,59 

$0,62 


43 9 >95. 

440,00 

440,04 

440,08 

44°> I 3 


440,17 
440,22 
440,27 
44° *3 1 
44°,35 


440,40 

440,45 

440,49 

440,54 

440,58 


440,62 

440,65 

440,68 

440,71 

44°>75 


440,79 

440,82 

440,85 

440,88 

440,92 


Lati- Length of the 
tude. Pendulum-. 


Degree^l Lines. 


441,04 


66 

67 | 441,1a 

68 

69 

70 I 441.40 


441,22 

441,24 

441,26 

441,29 

44 r »3 I 


44 T <39 
45 ;, 4 G 
- 44 i, 4 i 
44 1 , 4 2 
, 441.43 




























ON THE iFIGTJRE OF THE EARTH. 


This Table is computed upoa fuppofition .that the increafe of the length of 
the pendulum is as the fquare of the line of the latitude; for when the time oP 
vibrati&n is tfie fame, the lengths vary as the forces , therefore the variation 
of the lengths vary as the variation of the forces, or (999) as the fquare of the 
fine of latitude. 


• rooty. The ratio of the diameteis of Jupiter is lefs (982) than that given by 
thedry, upon fuppofition that it is homogeneous, wlfich M. Cxairaut fliows 

•’may happen, if Jupiter have amucleus denfer than the other pat of the planet, 
with ascertain elliptic form (1002). It is therefore unnecelTary to fuppofe, 
with "Sir I. Newton, that Jupiter is more denfe towards it’s equator, and 
which (he thinks) may arife from the heat of the fun at thofe parts But this 
is much more likely to be the cafe with our earth than with Jupiter, and yet 
Sir Isaac thinks that the earth is denfer towards the center. He appears to 
have been led into his conjectures, from thinking, that an increafe of fiatnefs 
of the body mull be attended with a greater increafe of weight in going fiom 
,the equatoi to the poles, than -if the body had been homogeneous, which 

• (1Q03) is not neceffarily the cafe. The gieater denfity of the internal parts 
of the earth, and the variation of gravity upon it’s fuiface, feem to favour the 

• fuppofition that the difference of the diameteis is lefs than that which Sir 
i. Newton has determined. M. de la Lande affumes the difference to be 

-i— part of the whole. 1 

300 r 

1008. The horizontal parallax of the moon is as the radius of the eaith 
dirsftly, and the diftance of the moon fiom the center of the earth mveifely. 
The difl.ance of the moon therefoie being known, if we know alfo it’s horizontal 
parallax, the radius of the eaitji will be known. If thciefoie two radii of the 
earth in two known latitudes be thus determined, the figuie of the earth may be 
found But obfervations of fufficient accuracy to fettle this mattei, have never 
been made It has alfo .been propofed to find the ratio of the diameteis of the 
eartlj fiom folar echpfes,**as the computation of the paiallax of the moon, and 

• confcquentfy the times of the beginning and end of fuch an eclipfe, will vaiy 
according as. the ratio of thd diameteis of the eaith vary. M. de la Lande 

• r 

thinks that a diffuence.of of the diameters will make fuch computations 

bgft agied with otfcf various. From a confideration of all the ciicumflances, 
.it is pilabable that the diffeieVe of the polai and equatoi lal diameters of the 

• ‘"'iTtn, is lefs than that vv*hich is determined by Sii I Newton. 

* 02 1009. The 
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ON THE FIGURE OF THE EARTH. 

, I0o 9 - The length of a degree of latitude at the equatoi, taking the mean of 

three meafuies, is 567 toifes, which multiplied by 6 gives 340540 Fiench 
feet, and as a Pans foot an Enghfli foot -4,263 4, a degree at the equatoi 
in Englifh feet is 362930,5, hence, the circumference, coirefponding to this arc 
of i°, is 130654980, the radius of which is 3938,334 miles, Whidi we may 
consider as the radius of curvatuie at~the equator Affume cao.v and 2^1^ 

for the polar and equatoi lal radii; then, by Conics, = 3938',>5 4 , 

hence, 230.*= ' ~ 1 =3955 A miles the polai radius, and 231 *• = 

397 2 >5 equatorial radius, and the difference of the two radii = iy,i miles 
fiom this ratio of the d^ameteis; atfo, the mean radius =3963,95 which we * 
may take 3964. Now the citcumference correfponding to this mean radius 
is 24907, confequently the length of a degree correfponding to this mean 
radius, or a mean dcgice, will be 69,2 miles. 

1010 By Art 995 the length of a degree varies inveifely as x — o ,/ y* 
now at the equator r=o, hence, the length of a degree at the equator V 
length in any oihet latitude - 1 - 3 d?> : r , thus the length ot a deg.ee fo. 
any latitude may be Computed Hence alfo, the inclement of a decree from 
the equatoi to the pole will inueafe as 3 dT\ or as T 1 the fquaie of the fine 
of latitude. And as the length of a degree muft be in piopoition to the 
ra 111s of cuivature, the variation of the radius of cuivaiurc of an clliplc 

which is \ciy neaily a cucle, mufl be as the Iqiuie of the line of 
latitude. 

ion. To find ‘the angle OMv between a perpendiculai Mv to the fur fire 
and MO drawn to the center. Let PO = 1, 0 E~ t + J, then + t/- 


put OR-x, and draw vc perpendicular to MO * Now R<v = ax- 




— X 


XI 2d, therefore Ov = 2 dx= 2 dx cof. lar nearly , but rv=Ovx fin vOc 
= 0x; x fin lat nearly, thcrefoie cv = zdx cof lat >fin lar neatly*,/*, fin 
2 lat nearly, and this is the fine of vMO to radius Mv which we may *on- 

fider here as unity. This angle OM v is the recludion of the elevation of the 
pole in Art 173 ' - ^ 

1012. The earth being fuppofed to be a fphere, the length of a degree of 
ongitude, as you go fiom the equator to the poles, de«reafes-aa the arcs' of' 
the circles parallel to the equator intercepted betovSe'n any two meridians 'de- 
creafe,. which arcs are as their radu, or as the cofiaft of latitude , therefore ' 
radius : cof. of latitude :: the length of a degree of longitude at the equiS 

: the 


r 



* , ON THE FIGURE OF THE EARTH. 

• the length of a degree of longitude at that latitude. But as the earth is a 
fpheroid^ this gilc will want a little coiredtion. Let POp be the axis of the 
earth, EPUp a mendian, EOU adiametei of the equator, then the latitude 
of M is MvE, and the angle vMQ is given in Art ion. therefore .MuE 
-vMQ = MOE is known, hence, we get QOM. But (882) if unity r- 
prefent the wan iadius of the earth, and e = the.di£Feience between *he 
t • meajx 4nd the greateft or leaft radii, then will i + e cof iMOE = MO, 
bench, knowing 2>0M and MO, we find §>M, and* this we rnuft ufe in Head 
•of the f ofine of the latitude, m ordei to find the length -of a degree of longi- 
tude upon die ’furface of the earth. The length of a degree therefore being 
knowft foi one latitude, the length for every other latitude may be found. 
*Hence* the calculations for the following Table may be made by this Aiticle 
and Article 10x0 


109 


322 


02T TIIE FIGURE OF THE EARTH. 


r 1013. The figure of the eaith is fo neai that of a fphere, that in efttmating 
it’s magnitude, we may confider it as a fphere whofe radius is 'the me^n radius 
of the earth. Now this mean ladius is 3964 miles, hence, 3964x6,28318 
= 24907 miles the cticumfeience, alfo, 3964 1 x 3,14139265 x 4=197459101 
thf number of fquare miles upon the earth’s furface , lallly, 3964 s x 
4,188790204785= 260909292265 the number of cubic miles Contained in the 
eaith. Dr. Long eftimated the proportion of the land and water upon the ' . 

furface of tlie^aith, fo far as difeovenes had then been made, in the following 
manner He took the'paper off a teireftnal globe, and then,cut out the land 
from the fea, and weighed the two parts; by this means he found the piopoi- 
tion of the water to the land as 349 : 1 24. The conclufion would be moie 
accurate, if the land were cut out from the fea before the paper was put upon 
the globe. After all the modem difcoveries, this method would piobably give 
the proportion, of land to water, to a confiderable degice of accuracy. 
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CHAP. XXXIV. 


ON THE PRECESSION OE THE EQUINOXES, ANp THE NUTATION OF 
,• * THE EARTH’S AXIS. 


Art. *1014., T’T has already been obfeived (148), that the equinodha! 

• A p 0in t s have a letiograde motion of about 50-" in a* year- 

Sir I’Newton was the firft who accounted for this motion. Having proved 
that, from the centrifugal force of the parts of the eaith anting from it’s lota- 
tion, the equatorial diameter muft be greater than the polar, he pioceeded to 
thow, that if we conceive a fpheic to be infcribed in the earth, the attiadtion 
of the fun and moon upon the cxcefs of the quantity of matter in the earth 
above that of the fphere will c.aufe a motion in the plane of the equator, and 
* make' the points wheie it lnterfeds the ecliptic go backwaids upon it. But 
although he afligned the true caufe of the preceffion, it is acknowledged that 
he fell into an enor in his mvefligation of the effect. Without, however, any 
> mquiry relative to the circumftances in which he has erred, I {hall {how how 
We may obtain a true folucion fiom the common panciples of motion. 

1015* Let S be the fun, ABD C the earth, I* it’s center, E§ 1 ^ the equator, 
P, p the poles, draw CTB perpendicular to SAD, and join SB, which pioduce 
to.meet CB in K. Call the ladius PE unity, and let the force of the fun on 

a partiele at P be > then the force on a particle at E ; hence, if we 

.refolve this latter force in two others, one in the due&ion EP and the other 

in a dnedlion parallel to PS, we have SE 


SP Ygi : the foice in the di- 


SP 


SP 


SI* + 


lEK . , 

omitnn g the othet 


Hence, the force w ith which 


itchon parallel to PS= _ _ 

SM* SP- EK 3 

terms of the fenes on account of their fmallncfs. 

a particle at E is diawn f,om CB = ^, confequentiy the eflfeft of this foice 
fh-a^liredbion perpend ltiAy to lit will hence, this foice 


•>14* foice* of the fun on a pu tide at P 
Vol IT? 


zEKyKT 
" S7 r 


1 

ST 


P 


3 EK x KP . ST 
Now 


Fig. 

224. 


t 


1 . 


314 ON THE RECESSION OF ‘J'HE.'EQ.tl'INOXES, 

Now if P = the periodic time of tlie earth, p = the pei iodic tunc of a body 
devolving at the eaith ’s furface, then (858) the force of the earth to the fun : 

aST* f r 

force of the body to the eaith, or the force of giavity, : — . — , hence, the 

F- p‘ 

foice on a panicle at E peipendicuhu to ET ■ force o£ gravity : 
2 ,EK+x KT x p s 
" P* 

10 1 0 Let c he die center of gyiauon, and put M= the quantity ot ma(A,r 
in the eaith, tln.41 the c fleet of the ineitia of M. placed at v r to oppofe the com- 
munication of mo 1 ion is tlic fame as the effedt of the meitia of the^arth ^ and 
hcnc c^TE" 7 d - 7 EE) . M f M, which is the quantity of matter 
to be placed at P, to ha\o the fame effedl. * 

Fig. X017. Let PRp ^ reprefent the earth, ; P, p it’s poles, F^the equatoi, 
22 5 * Pcpq a fpheie whofe diameter is the axis PTp, TA a radius duedted to the 
fun, and CTB a plane peipendiculai to it, PXp a gi eat circle peipendicuhu 
to PEAp^, and let IR rcpielent a fmall cucle 'parallel to the equator, take 
the arc XL — XL and diaw LAI , hu, XT perpendiculai to the j Jane CTR 
Now (847) the diluibing force of the lun at L, l, in the duedhons ALL, ml 
aie as AIL , ml, conlequcntly tliefe forces arc the fame as they would be if the 
corpufcles at L , l were oithographically piojedted upon the plane CABD ; let 
us therefore conceive. the whole matter m the eaith to be thus piojedled. 
Diaw XN, !h paullcl to EC, put />— 3,14159 &c. <* = the mean ladius of 
the earth, Ee=m, t —IX on the projection, TX=v, j = fin ATE, l - col 
ATE, the aic XL, or XI — z, and j = fin XL, then (in the piojedlion) Li=. 
NX=sy , Xn=NL = cy, XT—sv and TT—cv, therefote LAI - sv + cv, 
Im-sv-cy, TM-cv- sy, and Tm = cv + sy. -Now the forces at L and l '111 
the dilutions ML, ml, being as AIL, ml, their cfFefts to turn the eaith 
about T in the diredtion BAC are as ML x M?-ancl mlxmT, 01 the whole 
efFedts are as sv-\-cyx cv — sy 4 -rv - cy >< cv-y sy = zcj xi^- y\ ihcrefoie the 
fluxion oi the force of all the nutiei in the circumference IR is r as zi s 
hence, the fluxion of the foice to turn the earth in the diudlion CAB is as 
. rRy 

zesz x y l — v l = ics x - . a — ~ ~ —2 csv z , whofef fluent, when y = ?, js 

v 1 ~ y 

\py xcs x r - zv the force upon the femu ircumference IR, hence, the force on 

that whole circumference ' 

, T r mr 

Now a ; r . m 


■pr x cs x f ~iv = (as r l =a l r- u a ) p> xcs x a - 
: It = — , hence, the fluxion of the force of the annulus he-E 

Cl <**■ 


mr 


is as pr x — xtsvxa*- 2,^' ■ 


pmes 


— x V y a — v L x a 2 
a 


• 3 V 


times 


a 


A 


e*v 



AWP THE WffT’ATiOM. OF <THft earth’s ASJ>. 


a A v 


X fl*s 


■which is as* 


4 J -3 whofe fluent, when u— <7, is 
the whole foicc on the mattei exteiioi to the fphere on one fide of £ 


8/V/Z4J 


hence. — * x a* is as the whole force of the fun upon the cai ih to turn it 

l S 

about m the direction CAB. Now a-\-% m=TE, 'a- \m— c Ee-, hence' the 
fokd ‘content of the fpheroid =* j> x a- % m x a+J m z = ~ pa s + j ptna 1 v eiy 
^ naarly; and the ccmtent of the fpheie ■=- p x a—\n? =\ pa* - ipma 1 veiy 
nearly, the difference of thefe is | pm a* the content bf the pait cxtcuor to the' 

.8 n • 

fphtte, place one fifth of this mattei, that is, — pmo 7 -, at E, then as EK=ca, 

♦ • l 5 

g 

and KAE =sa, the effect of the fun to turn the matter — pm a'- at E about 
8 

T= — ■ppicsa*, which is equal to the effedt of the fun upon the whole eatth 
15 . 

to turn it about it’s center. Hence, the efifedt of the fun upon the mattei of 
*the eapth exterior to the fpheie to turn u about it’s centci, is equal to the cfFedl 
which would be produced if one fifth pait of that mattei were placed at E. 

1018. Put 5= the quantity of matter in the eaith above that of it’s infenbed 
# fphere , now (1017) the attiadhon upon the matter extend to the fpheie 
would generate an angular velocity about an axis perpendicular to CABD, j 
equal to fhe angular velocity which would be generated in a quantity of mattei 
= | 5 placed at E. Let us therefore fuppofe the fun’s attraftion perpendicular 
to EE to be exerted upon a quantity of matter at E — to ~ q, and at the lame 
tune to have a quantity of matter to move = f M, and then (1016, 1017) 
it appeals, rijat the efFedt will be the fame as the acccleiauvc foicc of the fun 
to turn about the earth. Hence, that accelerate e foicc u (1015) equal to 

:%EK_xKTx p'xig _ 3 EKxKExp'xq Now if EE 7 P • 1 i- r 
\M x P z . iMxi” - iNowir it. . it .. 1 1 r, 

then M . M—q :: 1 > 1 — 2 1, theiefore M : q -- 1 : 20, hence, 




consequently the accelerative force = x , the force of gravity 

on the earth being unity. k 

» *1019.^ Let 2:= the arc dcfciibed by a point of the equator about it’s axis in 

«Jn.i indefinitely {mall gives Jnrne, which may theiefore reprefent it’s velocity ; 
* an$f az lepiefent the aic defcribed in the fame time by a body revolving 

fhbut the earth at it’s furface , then — = the fagitta of the arc defenbed by 

. * p 2 the 


ti6 


ON THE PRECESSION OP THg EQUINOXES, 

r the body la the fame time, and confequently zfz ? = the velocity generated by 

gravity wlulft a point of the equator defcnbes 3 . Hence -(1018), i • 

^EKxKTxfPxr ^ ^EK x KT x p % x r x a*z x , , 

- -p, •: a l z* ji the velocity of the 

point E peipendicular to ET, generated by the aftion of the fun wluift the 
equjrtor defcnbes z about it’s axis , confequently the latio of thefe velocities 
riEKx KTx ft* xi x a z Z 

tc • ' ‘ i . * 


is as 


P- 


Fig. 

2.26 


1020 Let jy*be an ai« defcribed by the fun in the ecliptic to a raclius,equal * 
to unity, whilft a point of the equatoi defcnbes z about it’s axis, Then' (as tip 
■= the time ot the earth’s rotation, and the arcs defcribed in equal tuna to 

1 x i • Py ^ 

equal radii are inverfely as the periodic times,) — : — y • z= -EL, hence, 

Jr dp a p 

if v and xv be put for the fine and cofine of the fun’s declination, the latio of 
the velocities in the Lift Article becomes 3 j, 

1021 Hence, if SAL be the ecliptic to the radius unity, P the place of 
the fun, SBL the equator, PE the fun’s decimation, and we take Ec : dc ' 

(<k being perpendicular to Ec) : 1 • } and through d, E, delcnbe 

the great cuclc TEM, then will ST be the pieceflion of the equinox, duung- 
the time the fun delciibcs y in tlic ecliptic , hence, Ed, or E, r, 01 1, di, oi 

~~p — — > S& '• — — - -p — , therefore the fin. STF, 01 

srAwmc/bl ex -Ti rn 

BSP, 


;I . sr.sr= g " <t ' l „ i , 8, l . 

Px fin. ESP 


1022 


Now 


i; 


fin ESP 

fin SP x cof. S P 


= fln. SP, and xv: 
cof. ESP 


cof. SP 
Cof. ES ’ 


hence, 


vw 


but 


col ES 3 tan ES x cot SP 
fin SPx cof SP x cof ESP fin SP z xc of ESI?. 


liepce. 


lin. ESP 
v iv * 


col ES x tan ES x cot. SP 


lin ES 


lin. ESP 
confequently ST = 


S a P r x fi n SP ‘ x cof. ESP x Z-(jf x= aMo£S P) ^prx^cofjE SF xjdx 
P ' > D* - ~7 z 


PS<^] 


x \/ 1 — x 1 1 and when i, m \t •becomes * 


, r « %apr a cof. ESP 

whole fluent is — ~ x 

zP 

cof. ESP x m t r- 

{y being now a quadrant) the arc of precefllpn whflft 

the fun defcnbes 90° from the equinox ; and to find the degrees, fay 4 m 

3^: 


1 



AND THE NUTATION OF THE EARTH’S AXIS. 


360 8 


7 air x cof ESP x tn * 

. T TP : 3 6oV 


ctaprx cof ESP - . , 

2 —£- g-p , confequcntly the pre- 


ceffion in a year =360° x —21" 6'". This would be the 

pieceffion*of the equinox arifing from the attra&ion of the fun, if the earth 
were folid of an uniform denfity, and the ratio of thethameters as 229 250 , 

but % fie*m what follows, if the greateft nutation of the earth’s axis be lightly 
afeertained, the prec^ffion is only about 14!", whicli difference between the 
‘tlieoiy and whatsis deduced from obfetwation, mu ft arif*, either from the fluidity 
of the eat til’s fuiface, an increafe of denfity towards the^center, or the. ratio 
.of the .diameters being diffeient from that which is heie affumed, or probably 
fiom all the caufes conjointly. This regreffion of the equinoxes (cauled by 
the plane of the equator moving backwards upon the ecliptic) muff necefiarilv 
caufe the poles of the earth to defenbe circles about the poles of the ecliptic, in 
a direction contiary to the order of the figns, fetting afide the effect of nutation. 

1023 Having afeertained the preceffion, the correfponding nutation may 

^>e immediately found thus Take SB = SA = 90% and draw the great cncle 

B bA, then BA is the meafure of the angle BSA (12), and as we may 

confidei Tb and TA to be each equal to 90° without any fenfible erroi, Ab will 

be the meafure of the angle bTA , hence, Bb will meafure the diffeience of 

the angles BSA, l TA, or the variation of the inclination of the equator to the 

ecliptic, or the nutation of the axis of the equator Now SV Bb , fin. SE 

. fin. BE, 01 cof SE, :. tan. SE rad ; alio, ST . SV rad. fin. T, hence, 

ST : Bb : tan SE fin. T, but tan. SE= cof T x tan. TP , therefore Bb = 

T t, ^ COf ESPxX*X . . , . 

But ST= 5 . , and x being the fine of 

P*s/i 


ST x fin. 


tof T x tan. ? P * 

• • 

TP, it’s tangent = 


■ar 


s/ 1 — x 


•hence, (confidering the angles ESP and T as 


i% n./ %(ipt x fin ESP xxx qaprxfm ESPxx 1 , 

equal) Bb= — — — , whole fluent is — —p -- the 


aic of nil tat 1 on whilft th*e fun defenbes SP , and if m = an aic of 90° of the 

1 r * a r • , „ ‘lafrx fin ESP x x* 

ecliptic yrflm Aries, we have, 4 m 360° - — - -^p 

•^ap> x fin ESP x*x z 


j6o» 


apr$. fin 


E'SP* 


SPm 


the angle of nutation; and when ,v=i, we hare, ytu* 
for »the. whole nutation whilft the 'fun moves from the 


equinox to the tropic. ’(Vlnlft the fun moves from the equinox to the tropic, 
BA* is gi eater than bA, and therefore the inclination of the equator to the 
ecliptic dccr#afe$ , but fiom the tropic to the equinox, BA is left than bA, and 
* • 1 therefore 


ON THL PRVCESSIuN OF THE EQJf 1 if 031 F 1, 

r therefore the inclination mcreaies Nov/ the nut? t 'on vanes as the Jquaio of 
the fine of the fun’s longitude, and as ,v mcieolcs till the fiva come? to the 
tropic, and then dccteaks ag/in until it con os to the equinox, when it is = o, 
the inclination, fiotn this taule, is lenftwh.cn the fun is at tjio tropic, and 
gieateft when the fun comes to the equinox, and is then the lame Xs at the 
picceclmg equinox " «* 

1024 Hence, the piepeffion duung the fail's motion fiom the cqufaox to 

the tiopic the nutation at an}' time • cof ESP . f -- 1 ' EitE x x " 


m 


r f?2 


Mi x 777 Meav pi eccffion tondponding to the longitude y, upon luppofition 


r 

tan kSP y v, and qt the tropic, this latio becomes az . tan ESP, *01 as 1,5708 
’434 1 Hence, if wc take the whole pi eccffion for the time the lun is moving 
hom the equinox to the tiopic to be one fouith of 14,:", the nutation at the' 
tiopic = i / % which is the gientcft nutation anting hom the foice of the lun, 
x at the tiopic being the gieateft Hence, the nu'cuon from the time the lun 
leaves the equinox = f'xa^r- j"x col zy , and at 45 0 from the equinoxes, 
the inclination is the niean, it varying hall a fccond each way f 1 out thence. 
Hence, at the equinoxes, the nutation = f; and at the nop c, the nutation 
= -l" liom the mean inclination , and the nutation at any time horn the 
mean inclination = {" cof. zy 

2025. To find the equation of the preccflion, we have m y *, * ol 14 ; 

L 

that the annual pieccflion aiding fiom the force of the fun is iq*". Alfo (1022), 
the mean preccflion correfponding to the longitude m is — — ^ - ,. r cd > 

nence, m y 2-i ^ the mttnt piecef- 

fion correfpondtng to the longitude y , but the true preceffion in the lame 
• • , , xaprx cof ESP _____ 

ime is (1022) r— _ ■, x y — x s/ 1 — a% fiom wGtch take fhe mean 

preceffion, and we have ft ft ^xcof ESP ^ fof ^ ^ 

preceffio n, wh ich therefore is to the mean pieceffion as - x T^~x : y •, 
- zx s/i -x- ay \ — fin. zy %y But the mean preceffion at the feme 

time is 14I x hence, 2v • —fin. 2V": 14.1" x -^s • - ~ I 4 i ■> x tin. 2 
,, . 4 , , " 4 m ’ - 8 m r - * 

9 l fin - 2 -? tlie e 5 uatlon of the Preceffion. . Hence- this equation is" 
greateft jn the middle point between the equinox and tropic, an* is tfcere 

ZLl ’ 7^ j S t0 1 _ be / ubtaded in m and third quadiants of the 
ecliptic, and added in the fecond and fourth. 


rozbT Let 



AND THE NUTATION OF THE EARTH’S AXIS. 

1026. Let E be the pole of^the ecliptic L, P the mean pole of the 
equator, about which as a centei defcribe the cnchabcd with a radius = §", 
chaw EcJPaC, aifll make the angle aPp= twice the motion of the fun in longitude 
fiom the equinox, and p will rcprefent the tiue place of the pole, veiy neatly. 

. . • 

For Pj> — §" : Pr :* rad. : fip iy 
. Pr Cm :: fin 23° 28': rad. * * 




. r _i" < fin 2 v 
* “fin 23“ 28' 


i'. 15" x fin zy 




\ 0 

Which is (1025) veiy nearly the equation of preceffion, it ve therefore fup- 
J>ofe the tiue pole at p, it throws the tiopic from C to m, and the equinox as 
much fiom to r', and tins is the cafe till 7 = 90°; and as jy m creates hoax 
90° to 180 0 , p lies oil the othei fide of EC, and thtows the «rue fiom the mean 
equinox on the othei fide of to t". This agiees with Ait. 1025, when* 
the equation was ihown to be negative in the former cafe, denoting theieb} 
the true to he at <y»'m lcfpeft to <r the mean equinox, and pofiitne in the 
Wtier, denoting the tiue to lie at " m relpeft to the mean equinox Alto, 
Pp — z " P r wd — 1 cof zy, therefoie p ? = f ' x cof. zy the nutation, 
which dimimlhcs the mean .inclination whilfl the fun paffes fiom 45 0 bcfoic 
the tropic to 45 0 after, and increafes it for the other part, agieenble to 
Ait. 1024. Hence, the inequality of the preceffion, and the nutation, may be 
reprefented, by fuppofing the pole of the equator to defcribe a cncle of 1" 
diameter about the mean pole every half year, making the true pole p to let 
off from a at the equinoxes, and to move m conjiy^itui with an angular motion 
abou*t P which is equal to double the fun’s motion in longitude The appa- 
rent diflance ttoeiefoie of eteiy ftai from the pole of the equator, will be lubjefl 
to a vaiution of 1" tvv'ce in ayhai fiom this caufe This motion cf the role 
cA he equal ui, Dr. Maskelyne has mentioned in the Pielace to Ins Tables, 
publifhedTu the firfb Volume of his excellent Obfervalions, 




-* • 

Oh ti' P, e teflon and Nutation arijing font the A Chon of the Moon. 


IJ27. The inequality of the piecefiion of the equinoxes, and the nutation 
oftjie eardTs-axis,*anftngfiom the attiadhon of the moon in different filiations 
qf it’s iftdes, waj difeovered l 3 y Di Bradley With his zenith L&01 fixed 
at W'anftcod, he informs us, that as foon as he difeovered the caufe, and iettled 
the tows of the abeiration of the fixed ftais arifing fiom the piogieflive motion 

of 
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of light, his attention was excited by anothei new phenomenon, that is, an 
r apparent change of decimation in fonie of the fixed liars , which feemed to 
be lenfibly greater about that time, than a precefiion of 50" In a year would 
have occafioned. In confequence of this he continued his obfeivations, and 
from 1727 to 1732 he found that fome of the ftais neat the dblftjtial colure 
had changed their declinations 9" or 10" lefs than a pieceifion of 56" would 
have produced, and at the fame time, that otheis near the equmodhal colure 
had altered their’s about the fame quantity more than fuch a pi eceffion would 
have occafioned , the noith pole of the equatoi feemiitg to have apgioaehed 
the ftars which come to the mendian with the fun about the yeinal equinox 
and ‘the winter folfhee, and to have receded from thofe which come to the 
meridian with the fun about the autumnal equinox and fummer dbllhice^ 
Confidermg tliefe circumftances, and the fituation of the afeending node of 
the moon’s 01 bit at the time when he fiift began his oblervations, he fufpeded 
that the moon’s adtion upon the equatorial parts of the eaidi might pioduce 
thefe effe&s for the plane of the moon’s oibit being at one time, above xo° 
more inclined to the plane of the equator, than at another, it was icafonable to 
conclude, that the pait of the whole annual precefiion, which anlcs fiom the 
moon, would in diffeient yeais be vaiied in it’s quantity, whereas, the plane 
of the ecliptic, wheiein the fun appeals, keeping always very neatly the lame 
inclination to the equatoi, that pait of the precefiion which is owing to the fun, 
mull be the fame every year Hence it would follow, that although the mean 
annual picccfilon, pioceeding from the joint actions of the fun and moon, was 
50", yet the tine annual picceflion might fometinics exceed, and fometimes 
iall fhort, of that mean quantity, according to the various fixations of the 
nodes of the moon’s 01 bit. In the year 1727, the moon’s afeending node was 
near the beginning of Auei, and confequently it’s orbit was asjmich inclined 
to the equator as it can at any time be, and then the true annual pieccfiion 
was iound, by his fiift ycai’s obfervations, to be greater than the mean , a*id 
the ftais near the equinoftul colure, whole declinations ,are moft afiefted by 
pietefiion, 'had changed their’s above a tenth paitauore than a picccfilon of 
50" would have caufed The fucceedmg yeais’ obfeivations piovcd the fame 
thing, and in three 01 foui yeais’ time the difference became lb t;onfiderable, ~ 
as to leave no 100m to iufped, that it was owing to any imperfections cithei in 
the inltiument or obffe vations r 

But feme of 1 lie. Hats which he obfeivcd, that were near the folflitinl culure, , 
having appeared to move, during the fame time, ln^a mS.nn£r contiaiy to what 
they^ought to have done, by an increafe in the precefiion 5 and the deviations 
m them being as remaikable as in the others, he perceived that' Ibrncthing „ 
more than a mere change in the quantity of the precefiion, would be icquihie 

to 
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to folve the phanomenon . Upon companng his observations of Stars neai the • 
folfticia] colure, that were nearly oppofite in right afcenfion, he fouild that they 
weie equally affected by this caufe, tor whilil y Dr c corns appeared to have 
moved northward, the fmall ttar, which is the thirty-fifth Camelopordali Hevel 
in the 'Bnti/h Catalogue, feemed to have gone as much towards the fouth , 
which fto wed,. that this apparent motion, in both th’efe ftars, might pioceed 
froip 9, nutation of the earth s axis Upon making the like companion be- 
tween the obfei rations of other ftars that he nearly oppofite insight afcenfion, 
'whatever their filiations were with refpe& to the cardinal points of the equator, 
it appeared that their change of declination was nearly equal, but contrary, 

, and fufh as a nutation of the earth’s axis would effect. 

The moon’s afcending node being got back towards the beginning of 
Capricorn in the year 173a, the ftars neai the equinoctial coluic° appealed, 
about that time, to change then declinations no more than a piecellion of 50" 
lequired , whilft fome of thofe near the folftitial colure altered then’s above %" 
in a year lefs than they ought Soon after, he perceived the annual change of 
^eclmation of the founer to be *dimi milled, fo as to become lefs than 50" of 
■pjxteftion would caufe, and it continued to dimimfli till the year 1736, when 
the moon’s afcending node was about the beginning of Libra, and it’s orbit 
had the leajl inclination to the equator. By this time, fome of the ftais neai 
the folftitial coluie had altered their declinations 1 8" lefs, fince the yeai 1727, 
than they ought to have done fiom a, preceflion of 50" For y Dracoms, which 
in thofe nine yeais fhould have gone about 8 " more foutherly, was obfeived 111 
1736 to appear 10" more northerly than it did in 1727 

As this appearance of y Dr acorns indicated a diminution of the inclination 
of the eaith s axis to the ecliptic; and as it had been obfeived that that inclina- 
tion was regularly dmnnifhed,, if this phenomenon depended upon fuch a 
cg.ufe, and amounted to 18" in nine years, the obliquity of the ecliptic would, 
at that rate, altei ajmnute in 30 years, which was fafter than had been found 
from obfeivations. He therefore thought that fome part of this motion, if not 
the whole, might arife f«Om the a&ion of the moon upon the equatorial parts 
of the eaiih 5 which, he concwved, might caufe a libratory motion of the earth’s 
axis But as, he was unable to judge, from only nine years obfervations, whe- 
ther the axis would entnely recover the fame pofition that it had in T727, he 
found it neceflary to continue his obfen atmm through' a whole peuod of the 
moon s nodes , active end of which he found that the ftars returned into the 
fame petitions again, as if tileie had been no altei ation in the inclination of 
the taith’s;, axis, "which convinced him that he had rightly affigned the caufe 
of the phanomenon , and the very near agieement of his obfervations upon dif- 
ferent ftais wth this theoiy, thiough a revolution of the moon’s node, indif- 
• v °*- n ; CL pmWy 
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r pulably confhmed it. The following Table contains his obfeivations upon 
y Drncons foi 20 years. The fiift column contains the times bf the obftiva- 
tions, the fecond Ihows the number of feconds the flat was fouth of 38° 25', 
that being the point of the limb of the fedoi with which this ftai was com- 
pand , the thud contains the alteration of the polar diftance, which tlic mem 
preceflion, at the rate of one degree in 7 if yeais, would catife in this ftar, fiom 
March 27, 17275 to the day on which the obfervation was taken , the iouith 
fhows the abeyation of light, the fifth, the equations anting fiom the afQic- 
mentioned hypothecs ; and the lixth gives the mean diftance of the flat fiom 
the point with which it was compared, found, by colle ding the feveial num- 
beis, according to then figns, in the third, fourth and fifth columns, and ap- , 
plying them to the observed diftances contained in the fecond 

If the obfervations had been peifeftly exaft, and the fevcial equations of then 
due quantity, then all the numbcis in the lift column would have been equal , 
but fincc they differ a little from one another, if the mem of all be taken, and 
the extiemes aie compared with it, wc fhall find no gteatci difference, than 
what may be fuppofed to anfe from the uncertainty of the obfeivations them.-- 
fclves, it no while amounting to more than if" The hjpothefis thciefojQi 
feems, in this fbu, to agiee extremely well with the obfeivations hcie fet down, 
but as I had made 300 of it, 1 took the tiouble of companng each of them 
with the hypothefis : and although it might have been expefted that, m fo 
laige a uumbu, tome gicat enors would have occuned, yet there aie very few , 
\ 17 . only eleven, that diftei from the mean of thefefo much as 2", and not one 
that differs fo much as 3". This fui prizing agreement, then fore, m fo long 
a feries of obfervations, taken in all the vauous feafons of the ycai, as well as 
in the different pofitions of the moon’s nodes, feems to be a fuflicieny proof of 
the tiutli, both of ths hypotliefts, and alfo of tjhat which 1 fotmcily advanced, 
relating to the abeiration of -light , fince the polar diftance of this flai may 
differ, m certain cncumftances, almofl a minute, viz. jdf", if the concftions 
lefulting fiom both thefe hypothefes are neglefted , w_hcrea«, when thofc equa- 
tions aie lightly applied, the mean place of the ftar comes out the fame, as 
nearly as can be leafonably expefted. r 5 


# 
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t 


y pRACOmS. 

„ 

South of 
38° 25' 

Pieceflion 

Aberration 

Nutation 

Mean 

Di dance 

1727 Sepwrabei 

3 

7°"5 

— 0 ,4 

+ 19", 2 

— 

8", 9 

80", 4 

T728 Khaich 

18 

108, 7 

— 0, 8 

-19, 0 

— 

8, 6 

80, 3 

September 

6 

70, 2 

- 1, 2 

+ 19 ,' *3 


8, 1 

80, 1 

1 7 at> Maich 

1 . 

6 

108, 3 

- 1, 6 

- * 9 » 3 

* 

— 

7’ 4 

80, 0 

1729 September 

" 8 

69,4 

- 2, 1 

+ I 9>„3 I 

— 

6, 9 

80, 2 

1730 September 

8 

68, 0 

- 2, 9 

+ * 9 * 3 

— 

3 ’ 4 

80, 5 . 

1 1 September 

8 

66, 0 

- 3.8 

+ ! 9 » 3 


1, 0 

8c?, j 

iyj2 September 

6 

* 4 » 3 

- 4, 6 

+ J 9 . 3 

+ 

2, O 

81, 0 

1733 Augufi: 

29 

60, 8 

- 5 . 4 

+ T9, 0 

+ 

4, 8 

79 , 2 

1734 Auguft: 

I I 

62, 3 

— 6, 2 

4-16, 9 

+ 

6, 9 

79 . 9 

1735 September 

IO 

60, 0 

“ 7 > 1 

+ l 9 > 3 

+ 

7 ’ 9 

80, 1 

1736 September 

9 

39 ’ 3 

— 8, 0 

+ * 9 > 3 

+ 

9 ? 0 

79 . 6 

1737 September 

6 

60, S’ 

- 8, 8 

+ l 9 > 3 

+ 

8’ 3 

79 > 8 

>11738 September 

*3 

62, 0 

- 9, 6 

+ * 9 ’ 3 

+ 

7 ’ 0 

7 8 ’ 7 

1739 Sept.mber 

2 

66, 6 

- 1°, 5 

+ 19, % 

+ 

4 ’ 7 

80, 0 

1740 September 

5 

70, 8 

- n» 3 

+ 19. 3 

+ 

1, 9 

80, 7 

1741 September 

2 

73’ 4 

— 12, X 

+ 19, 2 

— 

1, 1 

Si, 4 

1742 September 

5 

7 ^ 7 , 

- 12,9 

+ 19. 3 

— 

4, 0 

79 ’ 1 

1743 September 

2 

81, 6* 

-13. 7 

4 - 1 9. 1 

— 

6, 4 

80, 6 

1745 September 

3 

86,3 

1 *>> 4 

+ 19. 2 

- 

8, 9 

81, 2 

J746 September 

*7 

86,5 

— x6, 2 

+ 19, 2 

— 

8.7 

80, 8 

1747 September 

* « 

2 

86, 1 

- 17, 0 

+ 19, 2 

— 

7 > 6 

80, 7 


«* The conclufion domed fiom thefe obfuvations is, tluit the gudual diminu- 
tion of the obliquity of the ecliptic to the cquatoi does not ai xfc fiom an altci- 
ation in the pofition of She caith’s axis, but fiom fome alteration in the eclipnc 
ltfetf, becautc the dais’ at the end of the penod of the moon’s node, appealed 
in the fame places with lefpedt to the equator, as they ought to have done, 

if the earth's axis had retained the fame inclination to an invariable plane 
* 

Dr Bradley, in his obfeivation upon » Uijte Major is, in the years 1740 
' and 1 744 ^fourui tl^at they gave the polar diftance 3" greatei than the mem of 
tlieothei ysars , and obfcrvtjs that, had there been only a (ingle obfeivation m 
eash of thefe ysais, part ot this difleicnce might have been luppofed j.o have 
anfen fiom their uncertainty, but as there weie eight obfeivations taken within 
a week in 1740, which agice well with each othei , and thicc wAe made 
, ? with in 
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r within twenty days in 174 1 which likewife correfpond with each other, he 
was inclined to think that the aforementioned difference muft be owing to 
fome other caufe , and he fufpeded that the pofition of the moon’s apogee, as 
well as of it’s nodes, had fome 1 elation to this appaient motion. 

1028. Dr. Bradley communicated his obfervations to Mr Machin, 
whorfoon after fent him a Table of the annual preceffion and the poircfponding 
nutation, in the various fituations of the moon’s nodes. Thefe were calculated 
upon fuppofition that the ^>ole of the equatoi, dunng a period of the niodn’s 
nodes, moved pound in Jhc penphciy of a circle of 18" diameter, having fhe 
centei 23 0 29' from the pole of the ecliptic, that cucle having an anguLu motion 
of 50" about the fame pole. The noith pole of the equator was conceived to 
be m that part of the fmall cucle which is furtheft from the noith pole of the ' 
ecliptic, when the moon’s afcendmg node is m the beginning of Anes, and 
the oppofite point of it, when the fame node is in the beginning of Libra. 
But Dr Bradley afterwards obfei ved, that the calculations would agice better 
with obfervations, if the true pole of the equator defer ibed an elhpfe inflead 
of a circle, whofe minor axis is about 16", and lying parallel to the ecliptic 
This is confirmed by tlieoiy Fiom alllhe obfervations of Di Bradley, ~ 
Dr Maskelyne fixed the whole nutation at 19",!. In the Table we liaVT 
computed, we have affumed it 19". 

1029 S11 [ Newton had taken notice of the nutation of the earth’s axis,* 
and Mr Flamstfad in his Hifi Cal Vol. 3 p 113, informs us, that he 
attempted to difeover it’s quantity, but found his mfhumcnts not fuflicicntly 
accurate for the pu--pofe M_ dc la Lande alfo obfeives, that the followu 
paffage was found in the manutcripts of Romer Sed de altiLudnubus non pennde 
reitus ) eddebar, tarn ob refraEhomm vamtatem quern ob aliam non dim liquid') per- 
fpeffam laujam 5 fciluet per hos duos annos , quemadmodum et alias, expet t us 'Jit, n c(fe 
quondam in deihnaUonibus vamtatem quae nec ref dShombus nec paraUaxibtis inbui 
poteft, fine duho ad vacillat lonem diquam poll terreftris referendum, a pm me vei t-< 
ftmilem dare poffe t heart am, obfervatiombus munitam, fpero Notwithfianditfo- how- 
ever the nutation of the earth’s axis had been fo long fufpeded, the difeovery 
of the caufe and quantity thereof was refeived for Di Bradley. We proceed 

now to confider, how all this agrees with the conclufions deduced 'fiom the 
theory of gravity. 

1030. The effecSt (83*6) of the body at S upon a particle at E varies as the 
cube of the appaient diametei of 5 feen from T and the denfity of 5 conjointly, - 
therefore as the appaient diametei s of the fun and-n?oon feen fiom the eaetli 
may be, confidered as equal, the effects of the fun and moon upon a particl^-E * 
of the eaith, given in pofition, will be as their denfities. Hence, \i'm : 1 :. 
denfity of the moon : denfity of the fun, and A =th» whole preceffion gene- 

' T rated 
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I a ted by the fun in one year, mA would reprefent the mean preceflion by the 
moon in the fupie time, if it’s orbit had the tame inclination to the equator as 
the ecliptic has. But this is not the cafe. To find therefore the effect pio- 
duced by the poon, let fFNeE reprefent the oibit of the moon interfering 
the ecliptt t C L in N, and let <r ELF be the pofition of the equator when 
the moon pafl$d it at F, and aebf when it pafled it again at <?; bifcft D in 
C, and* draw die great circle CiR pcipendicular to L. Now(io22j the 
piecfcflion, catens pay bus , vanes as the cofinc of the angle which the oibit of 

the body mafces»with the equator, hence, cof r : cof. E • mA mAx 


cof 


T 


the n?ean pieceflion anfing from the moon in a year, hence, if r = ihe time the 
moon is moving in it’s orbit from F to e, i year t " co *" ^ 


mA x 


coi <y> 


tmA x 


cof E 


^ — the mean preceflion Ee caufed by the moon in refpeft to it’s own oibit. 

Now to reduce this to the ecliptic, and find the pieceflion dining a t evolution 
of the moon’s node, we fliall follow and explain the method given by Mi 
T SiiApson in his Mi [tellaneovs Fra As, it appealing to be as Ample as the 
nature of the fubjeft will admit of. 

1031 As the inclination of the eaitb’s axis at the end of bvery half icvo- 
lmion, on the return of the fun or moon again to the equator, is (1023) re- 
ftored to it’s foimer quantity on the refpedive orbits, the angles E, e, F, f are 
equal, and the triangles DEe, DFf are fimilai and equal in all lefpe&s, 
therefore DE \ -De being — DE -\-DF= a femicircle, both f)E and Do may 
he taken as quadrantal arcs Now fin ED (=.ud ) fin e, ot E, . fin Ft, 
or lie, fin iDE, 01 eDE=^ fin. Ex Ee , alfo fin 0 , or : fin D, or 


cof. r E. 
F* 


fin eLE , 01 eDE , fin (i<r , or a r = 


co 1 


F 


fin 


eDE = 


r v -n » a fin E> cof E x cof r E . _ 

■X fin Ji x &e —t mA x — — - — — — — the pieceflion upon 


mi t w fin <y> x 1 of 'y 

the ecliptic in the time /.*• Alfo, fin >,oriod fin DR, 01 vF, fin eDE, 

01 eDE, fjn . Rt, or Rr~Jin. E >< e DE — fin r E x fin Ex Re t tv 4 < 

fin 'fF'iTn F \ cal' F , . , . 

the coaelponding nutation But fin E ; fin r N 

• fin. N fin. r e E, hcuco, fin v Ex fin E — fin. > fin N, confecjuently 

the, nut at 1 on Ri --7 mA'' — ^7--— ~ ~~ i * Hence (fiom the foimer 

cxpKsfllon for tho nutation), the nutation the correfponding prccefliwn 
^ cof <\ F 

fin. : --- = cotan «v» E Haying determined the pruefTion aud nuta- 

V 

♦ * turn 

% 

✓ 


X25 


Fig. 

228. 
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% 
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, tion foi any given pofition of tie moon’s node, we pioceed next to detcunine 
the fame dui ing a levolution of die node. c 

e 

1032 Let TN-z, it’s fine =.v, cofine =y, the fine of N TE = cofine b, 
fmeofN-=c, it’s cofine = </, TCL—e , and the time of half a>u evolution of 
thc f node = i?, and let TQ be peipendiculai to NE. Then, cofi NT", 01 y, 

d d ^ 

: tad. = 1 . cotan N, or - , . tan. NV§> = , let this be denoted by 4 , then 

ft cy J t 


the fecant of fhe fame rangle = l -y k\ it’s fine = 


V 1 +E 


=, and cQfine = 


■ , hence, the fine of the difference of the two angles NT§> and NTE 


v/ 1 -M ! 

will be - hb —^ , and the cofine= . Alfo, fin. NT® fin. ET 3 


s / 1 + h 1 ' 


v/ 1 + h‘‘ 


cof. N : cof E = ^ = bd- ~ — bd—acy, and cof NT£^ cof ET ^ 

; cot. NT, 01 - , . cotan TE = b -yhax , becaufe di ■= — „~ 

X X CX c V ' 


But (1031) the fine of nutation for the time t=tmA x 


JJ 

fin v N x fin iWtolTi 

cof AT A 

— tm Ax — ■ X — — , and + he time t (whilft the node defctibes z) 


R 


Rx 


e, thciefoie / = R y ~ = , 


— i lienee, the nutation 

K 

£ 

whilft the node defctibes z ts (writing s/i — x 1 for y) = mAR x 


bdxx 


—y^—^-acxx, wliofe cotieft fiuent mAR x jj x bd — bd 1 — x 1 — \ acx z 

is the nutation, or decreafe of the inclination of the equator to the ecliptic, 
caufed by the moon, for the time the node has moved fiotn T to N Next, 
with regatd to the couefponding preceffion, the increafe thereof being (1.031) 
in piopoition to the deciement of nutation as fhe cotangent oT X E to the 

total NTE, or as c A±tZ = to a, therefore tire b» 

* c \ cx 

f lt „ i ~abdFx - - , 

of the preceffion =mAR x x \b % -a l xtdyr-abpX s/i -y\ 

whofe fluent mAR x + cdxcdx-\abdz- $abrx^l^? 

is the true pieceflion. 

r 

1033. Hence, 



AND THE NUTATION OF THE EARTH’S AXIS. 


1033. Hence, at the end of half a revolution of the node, 01 when it ai- ' 

rives at ‘Libia L, x — o, and z=e, therefore the nutation =mARx ’ 2 lHA and 

e 


the prccefTion*= mAR x 1 - | c\ becaufe A + d l = 1 Hence, the whole quan- 
tity of nutation during half a revolution of the node from T : the coirefp online, 

1 2,c d 

quantity of pieceffion — 1 — \ c % : 10 : 1 74 very nearly. 

.. 5034 Hence, the mean pieceffion of the equinox from the adlion of the 

moonls to what it would be if the moon’s orbit coincided with the ecliptic as 
1 — - c % 1 But if the moon’s orbit coincided with the ecliptic, the 
• effedt t>f the moon would (1030) be to that of the fun in the latio of their 
denfities, therefoie the mean preceffion of the moon . that fiom the fun, in a 
compound ratio of i-fc 1 =0,988 1, and of the denfity of the moon the 

denfity of the fun confequently the denfity of the moon the denfity of the 
fun preceffion fiom the moon . preceflion fiom the funx 0,988 


1031; As the pieceflion in hajlf a revolution of the no&e = mAR x 5 *"— ~J 7 % 

* ■ 2 

wo have, e z mAR x d* — 1 A mARx - x d l — \ A the mem preceflion 


wlulft the node moves over the arc z, which fubtraded from the true pre- 

ceffion which we found in Aiticle 1032, we get mARx. ~^j~ g x b* - a 1 x c dx 

for the equation of the equinoxes, negledtmg - § a b dx ■J'i - f as never amount- 
' mg to l". Hence, the equation, when the node has made one fourth of a 

1 evolution, will be mAR x ~ e * & ~ ^ x cc h which is to the greateft nutation 
zed * 

mAR x -j- during half a revolution of the node, as V - a* • 2 ab, or as 1 : 

* ^ (i b 

‘ that 1S > raclius the tangent of double the inclination of the 
equatoi to the echptic •• 


1036 , As c is but vci) fmall, wc may negledf the laft tcim in the expreflion 
foi the nutation, as well as in the equation of preceflion, without any confi- 
de ruble error; hence, tin nutation becomes mAR x-xi - which 

.varies as 1 sf 1 — ec the veiled fine of the nodes’ title longitude, and the 

* , * * t 

equation of preceffion mAR v — - x b % — A x 1 clx vanes as v the line of the 

node’s tiue longitude* 


1037. If 


ON THE PRECESSION OF THE EQJJINOXES, 

r 1037 It the annual pieceffion aufing from the fun be taken =21". 6 '" as m 
Ait 1022. and the whole preceffion = 50", then the part anfing <from tli£ a&ion 
of the moon wall be 28" 54'", hence (1034), the denfity of the moon denfity 
of the fun: 28" 54'" • 21" 6" x 0,988 = 20". 8"', which ratio Qoesnot agree, 
either with the piopoition deduced from the tides, or with the accurate obfei- 
vauons of Dr. Bradley. The heft method of fettling thi&'pomt, isfioni 

the gieateir nutation . * , 

1038 The„ nutation, dunng half a revolution of the moon’s node fyom 
Anes, Di. Maskcli n£ fixed at 1 9", 1 , and which we fhall here aflunse 19", 

hence (1033), 10 ' 174 •: 19" : - * — the pieceffion fiom the moon 
dunng that time, which we may take equal 9,31 years, hence, the mean pre- 
ceffion from the moon in one yeai = x ~ , therefore if we take the 

, „ , T// 174 x 10" 

whole preceffion in a year to be 50 J , we have 30 % — — - - ~ — 

10 x 9 > 3 j_ x . 5 °^ J _i 74 - x _l ? _ £ 01 t ] ie p art 0 f th e preceffion anfing flora lb* 
10 x 9,31 

fun Hence (1034), the denfity of the moon : the dpnfity of the fun \ 
174x19" 10x9,31 x 50 — 174 x 1 9" x 0,988 : 2,44 : 1 The part 

therefoie of the piecefiion anfing from the adhon of the moon =35". 39"', and 
that of the fun= 14". 36'", and the gteateft equation (1035) of tlic pieccffion 
anfing from the moon = 1 7", 7 

1039. The equation of the preceffion (1036) vanes as x the fine of the 
node’s diftancc from V raeafured contrary to the order of the figns, *but 
if L = the longitude of the node, fin. x = — fin L ; therefore rad. : -Jin. L :: 
I7",7 : the equation of -preceffion = — ftn. L x 17", 7 ; hence, the equation is to be 
fukraSied from the mean preceffion when L is left than fix figns, and added, 
when greater. 

1040. As (1036) tlie decieafe of the inclination of the equator to the 

ecliptic, from the time the node coincides with Y, is v as the verfed fine 0/ the 
node’s dillance from 'that point, the inclination Inuft be at it’s "mean value 
when the node is in the folftice , hence, the difference between the mean and 
true values will be as jthe difference between the verfed fine and ladius, or as 
the cofine of the node’s diftance from T; therefore -to find the nutatioij. at 
any time, fay, rad. : cof.z * 9", 5 : the nutation^. £ cof. z ,. -winch mpft 
be udded, when the node is in the afeending figns xsr, Y, « , h, but, 
fiibtrafted , when in the defending figns, ss , SI , itK , === , , f , to get the “true 

obliquity of the equator to the ecliptic j hence, the equation of the obliquity of the 
ecliptic = —9", 5 x cof. z. 



The fdbiouing * Table shoivs the Equation of the Piecession , and the Equation of the* ObUquity of 
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Qtf THE PRECESSION OF THE EQUINOXES, 


r 1037. If the annual preceffion arifing from the fun be taken = 21" S'" os m 
Ait 1022 and the whole preceflion= 50", then the part atifingdrom the a A ion 
of the moon will be 2,8" 54"', hence (.1034), the denfity of the moon • denfity 
of the fun : z8". 54'" : 21". 6"'x 0,988 = 20". 8'", which ratio ffoes^not agree, 
either with the propoition deduced from the tides, or with the accurate obfu- 
vattons of Dr. Bn. an ley. The beft method of fettling this'pomt, is from 
the gieatcfl nutation . ^ # 

1038. The^ nutation, duiing half a revolution of the moon’s node fyom 
Aties, Di. M.askelyn& fixed at 19", 1, and which we fhall here aflunsc 19", 

hence (1033), 10 ' 174 • 19" : the pieceffion fiom the moon 

X O IT 

l 

Ruling that tunc, which we may take equal 9,31 yeais, hence, the mean pie- 
ceffion fiom the moon in one yeai = 1 * — , therefore if we t ike the 

10x9,31 


whole preceffion in a year to be 50 J", we have 303" 


1 74 


r a 


10 x 9,31 


— ^ 0 4 — L 7 jtiUL?_ f 0 i the part of the pieceffion anfing fiom th* 
10x9,31 

fun Hence (1034), the denfity of the moon : the denfity oi the fun , 
174x19" • 10 x 9,31 x 50V'- 174X 1 9 "x 0,988 . 2,44 : x The part 

thciefore of the pieceffion arifing fiom the aftion of the moon =35" 39"', and 
that of the fun— 14". 36"', and the greateft equation (1033) of the pieceffion 
arifing from the moon — 17", 7. 

1039. The equation of the preceffion (1036) vanes as x the fine of the 

node’s diftance from Y mcafured contrary to the older of the fi G ns, -but 
if A = the longitude of the node, fin. x = — fin L-, therefore rad, : -fin. L \ 
1 7", 7 the equation of -precejjion — — fm Lx x 7^,7 , hence, the equation is to be 
fubtraBed from the mean preceffion when L is lefs than fix figns, and added ^ 
when greater. „ 

1040. As (1036) the decteafe of the inclination of the equator to the 
ecliptic, from the time the node coincides with Y, is^as the verfed fine of the 
node's diftance from That point, the inclination 7 nuft be at it’s •‘mean value 
when the node is in the folftice , hence, the difference between tire mean and 
true values will be as .the difference between the verfed fin€ and ladius, or as 
the cofine of the node’s diftance from T, therefore -to find the nutation at 
any time, fay, rad. . cof z : 9^,5 . the nutation =?$'>$% cof. Zj^wfuch mjjft 


b tended, when the node is in the ajc ending figns v?. 


H , T , a 


ji 


but 


pbtrafted, when in the defending figns, © , SI, 1®, =& s n 1, t , to get thehrue 
obliquity of the equator to the ecliptic, hence, the equation of the obliquity of the 
ecliptic = - 9", 3 x cof. z. 

- The 


,r 
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ON THE. PRECESSION OF TIIE/EQjnNOXES, 


Ex Lei the difiance of the afeending node pf the moon fiom the fiifl point 
Of Ai ii, j be 4’. 18°. 40', to find the equations of the preceflion and obhquiU. 

Tac 1 piiauon of the pieccflion for 4 s 15° is - 12", 3, and foi 4* 20 s it is 
•• n'q, hence, 3 0 3 0 40' i",i o ",S, which taken from — ^1 2", 5 leaves 

n’\- t the equation of picceflion. Alfo, the equation of the obliquity foi 4- 14“ 
1,- (r%/, and foi 4 20' K is - 7" 3 , hence, 5 0 3 0 . 40' : o",6^o",4, ulndi 
.td led to — 6", 7 gives -7',] the equation ol the obliquity Thcfe equations 
uuh thofe aiding irom the iun ( 1 024, 1025), applied to the yean preceflion aiitl 
oMiqu q. give Ac h u\ tp In as ligands the emplacement ol the equator.. 


104 1 The nuU'tmi aufing from the moon, and the equation of the pi ecejfon, 
nuy be both together rcpielcntcd thus. Let P be the mean place ’of ' 
the poll of die equator E the pole of the ecliptic ^ 7 , in EP<& take 

P/ 1 — PB — 9", 3 half the gicaull nutation, and defenbe the cncle BDAG, and 
draw DPG pcipendicuhu to AB, and take PC PD co P2EP • col EP 

6828 '9173, deft riba the ellipfc BC/ 1 F, and the tiue place of the pole of 
the equatoi will always be found in the cncmnferenoe of this ellipfc, and make 
APS=. the diftance ol the moon’s afeending node fiom T, draw SpR 'peijnen- " 
dicular to AB, and p is the tiue place of the pole. For diaw the gieat cnclcs 
EC, Ep7 , then it is nnnifeft, that EA and A! S’ will be the gieatefl and leafl 
difLnces of the two poles, AB being = 1 9" the greatcfl nutation, and lad . 
col APS, or cof v, PS—q",p PR = f,px cof z= (1040) the nutation, 
theiefoie ER, or Ep toy neatly, is the due diflance of the poles. Alfo, by 


Conjnulm , CP AB . ] cof. 2 EP cof. EP 


b, and by SpJicnt\ 


J. 

fin PEC fin PC, 01 (pn account of their finallnefs) PEC PC,: rad. : fin. 
EC, 01 EP, 01 a, hence, by compounding tliefe two propoitions ,* PEG AB 
b* cf « 

; ___ ab V-c? 2{l b y which pioportion to find PEC is the fame as 


that in Art, 1035 to detumine the greatcfl chfFeience of the tiue and' mean 
longitude, confequently PEC repicfents that difference. /Hence it follows, that 
the angle REp will exprefs the du'tcience of the mean and tiue longitudes, -at 
the given petition of the node , for rad fin APS * PD RS PQ „Rp ,• 
the angle PEC REp, as it ought to be by Ait 1036 As^theieTore Ep is 
the tiue diftance of the -poles, and REp expiefTes the difference between the 
mean and tiue longitudes, p muft be the tiue place of the pole. Noiy as th£ - 
inclination of the equator to the ecliptic decreafes frjpni<the time the4fcen^ing r 
node of the moon’s oibit leaves Aries till it gets back to Libra f therefoie tl]js * 
pole of the equatoi during that time has moved from A to 5 , and as the equa- 
tion of the preceflion for that time is to be added to the mean preceflion by 

Art. # 

. 1* * 

0+ 



AND THE NUTATION OF THE EARTH’S AXIS 


Ait. 1039. it makes the tiue preceffion greater than the mean, and therefore 
the tiue place of the pole mull have been behind the mean place, confequently 
the pole has/noved from A in the dnefhon ACB This matter therefore may 
be fimpiy explained thus. If the preceffion were uniform, and there was no 
nutation, then the true place of the pole P would (1021) defcube a circle .tbout 
^contrary to the order of the figns, with an angular velocity equal to that of 
tire preceffion , but„lhe preceffion is not unifoim, and there is alfo a nutation, 
in canfequence of which, the true motion of the pole of the equator is in the 
ellipfe ACBF, whilft the center P is cairied about as above-mentioned. 
The ^motion of the pole in the ellipfe, theiefoie, takes into confideration the 
effect of the equation of pieceffion and the nutation 

1042 Let s be the place of a flar, T V the equatoi to the mean pole P, 
Y'W the equatoi to the tiue pole p , diaw the great cucles Psma , psnbd, 
and let Tc be peipendiculai to Y'W, and pr to Ps Put v = APp, z = APS, 
t = APs, d = the declination of the flai, a — it’s light afeenfion, then 
5 Pp = t-v, alfo, by the piopeity of the ellipfe, PD = 9", 5 PC— 7", 07 : 

^ 7^ o 7 

RS Rp • tan. z tan v, therefore tan. v =' x tan. z, and PD — o" c 

9 6 

. PC= 7^,07 RS . Rp= 7->27 x rs , but iad. = i . fin. z •• PS = y",$ . 

9 ^ *5 

&S = 9",5xfin z, hence, Rp = Y',oj x fin. z, alfo cof. v . rad =1 .• PR = 
9 " >5 x cof 21 (1040) : Pp = 9", 5 x 

1 043 . The mean right afeenfion is T a = V b + ba *, and the ttue right afeeu- 
fion is T'd= Y't+ cd= Y'c+ Y£ , hence, the vanation of the right afeenfion 

28' — ba Now 


= y'c- ba = rr' y cof 


At $ = 


Rp 


f*>r 


fin 


aS'- ba = Ts x cof 23 0 


i 3 - ,»■ im. 23- iS 7 ’ bcnce " sr!5 * co1 ' »5 - .s8'-7'.07^(in * 
a cot 23 0 . 28'= j* 6",29 x fin z. Alfo, fin sPp , fin sp im 


fin. ag® 28' fin. 2' 

Psp fin, Pp, 

and as Psp and Pp *he veiv fmall, we may put the quantities themfelves 
* fin ? 

for then /lines, hence, Ppx - ^ ■ — ±z Psp — bsa , theiefoie ab — pp x 


fin ? — v x cof */> 


tin ip 


-- — Ppx fin. r -v x tan, d. PTencp. the \anation of light 

afeenfion 


* The ire ah is called the deviation in light afcuifion, mn the deviation in longitude, and Pi 
the deviation in 1101th polai diflance , T T ' is calhd the equation of the equinoxes in longitude, and 
Y c the equation of the Equinoxes m right afeenfion. 


/ 



J$2 


u>f 1 ills. PRECESSION - 01 f x! E £<yTINOXFS, 

4 r 

afcenfion = 16 ,29 x fin, z - Ppx fin r— -z; x tan, 16^,29 x 4n, z~ a” t / 

coi r co f 2, * 0 

c oi . V * fui 1 “ * x tan< ^ = 1 6 >9 x fin * - 9 " 5 x xfin.r-n tan d=* 

1 6" V-) x fin. s - 9 ",5 x ^gp£ x tan. <7 x nn. rx col. v— iin. v* cof. r = ( as 

the tangent v = * the tangent z) i6",2 9 x fin. 2- the tangent'’ /* 

, + «r 

9", 5 x iin. rxcof. T^f^oylTZol r x fin 2 - , 

4 >75 x ^ n * r ~ 2 +• 4*575 x fin. r+ 2; 


l r.J 


3" # 53 x fin. r-z- 3", 53 x fin. r+z 
4 - t6",29 x fin. z . 


} 


x tan. 4? 


But (in this figure) r = 90° - «, theiefore r =fc a = 9 o» - a ± z = (fo f ar as regards 
the angle) ad=z- 9 o°, and the fame is true if a be greater than 90°, and.- 
r-tf.4,9 0 , Hence, the vanation of Right Afcenfion 

— — j " 4 *75 * ^ n * g ~~ £ ~ 9 °° ^Ar '>7 5 x a + % — 90° | r 

*■ 3 * 53 x fin. * r z - 90° - 3 ",5 3 x fin. « + z- 9 o« J * tan ‘ d 
+ i6"j29xfin. 2. 

=tan rfx <- S'USxfin. ,» 32 „ fio , a+2 _ 9 o-)+,6> >I9 xfin .*. 

For fouth declination d is negative. 

X044. The variation in' Decimation is sP- s p=Pr very pearly, = p p x coi/' 

** ' ff coi» z -- cof. z 

9 cof v x C0 ^‘ r ^—9 >5 x co £ v * c °f- * cof fin. r x fin* v 

i i'tyTLZt. Hoof , • 

r 

#• 

— J*4 >75 * c °fi r— z + 4 l,/ >7 j x cof. r+*g ~> , « 

^ 3 >53 * c °fi r-z- 3 " 33 x co f ” t r * ^ , 

• ^ r * 

= S*,a8 x cof. 1 " a2 x cof. P+S = 8",z8 x fin. - j" 22 x * 

c 

\ 

1045. From, 




AND THE NUTATION OF THE EA-RTH’s AXIS. 

1045 Fron\ tliefe cxpreffions for the vanation in right afcenfion and 
declination, I have calculated the following Tables for more readily finding 
thofe quantities They have been computed by M. Lambfrt, upon lup- 
pofition-tlfat the nutation was 18", but a more coneft value being 19" 
(ioz8), I have here calculated the Tables foi that -quantity . 
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AND THE NOTATION OF THE EARTH’S AXIS. 


J 35 


Ex. On January i, 1790, the Tight afcenfion of « Lyres was 9’. 7 0 . 27', 
and it’s declination was 38°. 33'. 44", to find it’s natation 

The longitucljp of the moon’s afeending node was 7 s . 16 0 36', hence, 

. ®* 

as*9 s 7 0 27' 

• ** 2=7 16. 36 +ii", 64 Tab UI. 

* 

* - <?— 2=1 20. 51 4- 6,42 Tab I." 

<2+2=4. 24 3. ..4- 0,72 Tab II. 

T ^ m , . 

' " Nutation in Decimation = 4- 7, 14 


a- 25-90° = 10 s 20 0 51' — 5'', 23 Tab I 
«4-z — 90°= i s 24 0 3'.. 4-0, 99 Tab. II. 


* ~ 4>24 
Tan. dec. = ,798 

— 3,38 ProdudL 
4-11,64 

i — .. . 

Nutation in Right Afcen =4- 8,26 


When the decimation is fouth, it’s tangent becomes negative 



So find the Variation in Right AJcenfmi and Declination of a Star, from the 
PieceJ/m of the Equinoxes 

*. 1045 Let; T L be the ecliptic, the equator, it’s next pofmon at Fig. 

the end of^itiy given time, j a flat, sx, jot two cuclcs of declination to the 230.* 
two pofitions of the equator, and Ta perpendicular to As we heie con- 
fider the efledt arifing onlj from the regteflion of the eqflino&ial points, tho 
inclination of Jhc qquqJ.or to the ecliptic remaining the fame, we have (1031) 

, §r=y OS, lierfcc (13), iad*=?i, cof Tw : aT (=Y>xf in. T) : via = TV 
x fin «T x cof. T 19, the vnnation of declination 
* 1047. we can find the vanation of right afcenfion. From the vari- 

ation of the right angled fphcneal triangle whofe fide §>s is conftant, wc 

• , have 

» 

• • ♦ 




• * 


ON THE PBECFSSION OF THE &QJ7INOXFS, 

r ‘wlvx tan. wf , , 

r lu\e * v oxtan ws — vx x tan. therefore v.v= — c 0 T _ rlu 

f 

Y r xc o * r, tl x WJ — Tr x fin. r x fin right afcenfion x tan dec 

cut. Tio 

This is cue pait of the variation of light afcenfion. But as we now tech on 
horn > and not fiom Y, it is manifefl. that there is another pail ta wh.ch 
,, common to all the ftars, but ra = Yr x cof Y , hence, tko_t.ru- - 
atm of light afcenfion = Y r x cof. r-T> x fin, T x fi n right _aj.cn 
d. c =piec in long x bo! 23 0 . a8 / — fin 23° 2.8 , x fin. light alee 11 x han. dec 
In the lafl iix figns, the fin light afficn. becomes negative , alio," if the dcclma 
tion becomes Couth, the tang, of declination becomes negative, tlie'lccond 
tciin therefore is fometimes additive, and fometimes fubtraftivc. 


Fig 

231. 


On the preceding theory, Mr. Simpson has made the following remaih-., 
in order to explain certain difficulties and objections that may thence arile. 

1048 It may be obfeived, in the fiift place, that we have, all along, con- 
fidcied the effects of the fun and moon feparately, and, confequently, have 
iuppofed them to be no-ways influenced 01 difturbed by each otliei This m!iy 
feeni too bold an afiumption, cfpecially, as it is known that the tid s, which 
aie pioduced by the veiy fame foices, depend upon, and aie gieatl) \aned bv, ' 
the different pofitions of the two luminaries 

1049 To lemove tins objeftion, let Y SM a repiefent the plane of the eauh’s 
equaror, ^ 0 * it’s intcifeftion with the plane of the ecliptic, YS the light * 
afcenfion of the fun, YM the right afcenfion of the moon , and let tin. forces 

of the two bodies to turn the earth about it’s center, in thofe pofitions, be 
icpiefented by / and F refpeftively. 

1050 Thele forces may be confideicd as aftmg peipendicfilai to the plane 
s. ol the equator in the points S and M, and will' be equivalent to, and lias 0 the 

fame effeft with, one iinglc force, equal to them both, ailing in then confer - 
of gravity N. But, by Mechanics, the force f+F, acting at N, will (if Che 
null us OP be diawn thiough N) be equivalent to iaothet ioicc, aft mg at 1 \ 

0 JSj G) F r ^ 

expidfcd by f+Fx or J + Fa jf£ (fuppohng N® , as alfo SH, 




MC , to bo perpcndiculat to Y 0 -* ) . 


1 o ;; 1 . But 


* 11 S and s reprefctii the fines of the two legs A, a oS,a e n|ht angled triangle, C and «c thur 

cofuvss, Tand t thur Ungents, .uid the hypothenufe be conftant, then CXc = nd X cofJiyp*a 

conftant quantity 3 hence, Cxc-fiXC— 05 but c zz.s Xa , and C — SxA , then fofe CxsXa +f 

& * m 
X$xJ~q> and ^ ?( x^, or txa~-~Txd , the figns of the quantities tha* d dnod 

c C 

we have omitted above, as we only wanted the values ol the quantities ^ 


/ 


* 


a 




ANP THE UUT4T10N OF THE EARTH’S AXIS, 

1051. But the quantity of prece/ilon, during a given moment of time, is known 
{1018 to 1021) to be as the foice, and as the fine of the right afcenfion, con* ' 
jointly $ from Whence die two quantities anfing fiom the fun and moon, con- 
fidcred fepaiately, are expounded by fx SB, and Fx MC, refpedively. But, 
fuppofing^ botli bodies to adl together, 01 , which is the fame, fuppofing one 

fngle foice, e^iefled by J+F x to aft ai P, the quantity of the pic* 

cdQon will then (by the very fame rule) be uuly defined by 7 + 7 ’ x PR 
•* . , . J J * PR * 

or it’s equal */TFx N$j which quantity, by the piopeilyof the cen,ter of 
gravity, is known to be equal to fx SB + FxMC. 1 -fence, it is mamfeft 
•that, whether the forces of the luminancs be joined togethci, or treated apait, 
the refult will be the fame, 

1052. The next difficulty relates to the exccntiicity of the lunar oibit, and 
the inequality of die motion in that 01 bit ; which may be thought fuffiuent to 
occafion a fenfiblc deviation fiom rules founded on afuppofition that pays no 
regard to them. 

• 10 53- 1 ° older to clear up this point alfo, imagine ADBE to be an ellipfe, 
in which the moon is fuppofed to revolve, about the center of the earth placed 
in the lower focus F of the ellipfe , let AB be the tranfveife axis of the ellipfe, 
perpendicular to which, through F, draw the ordinate ///, moieover, let there 
be drawn any two othei lines DE, de, through the focus F, to make a very 
fmall (given) angle DFd with each other. 

iO£ 4 . The perturbating force of the moon, at the diflance D F will (856) 
be mverfely as the cube of that diflance j and the time of defenbing the given 
angre DFd will * be dtreclly as the fquaic of the fame diflance. There- 
fore, by*compofition, the quantity of the moon’s adtion, during the time 
of defcribing this angle, will be m the fimplc ratio of the faid diflance, tnvet fely. 
Hence, it appears, ih.it the fum of the foiccs employed, dunng the times of 

d'efcubmg the oppofite angles DFd, EFe, will he tiuly defined by ?— + -L 

y j j pig t 

or,t,c ^ Ff-FD- • 

I0 55 * Upon AB* let fall the peipcndiculars DN and EM, lo fliall FE—Fli 
: FJ (Eli) ■> FD * FM : FN (by the property of the ellipfe) :: FE 1 FD by 
fcmrfar triangles i^confccfucntly FExFD- FHx FB-FHx FE FD x FE, 

* • • • • • . ‘ or 

• • • 

• For th«r angle DFd being given, the area DFd vaiies as DFddF, or vrDF*; therefore 
(80 the tune of defeubing tiie angle varies as DF l . 

Voi„ II. * * s 


< 3 ? 


Fig. 

232. 


ON THE PRECESSION OF THE FQ.^INOXES, &CC. 

01 zFEx FD=FHx FE+FD theiefore,, as it appears flora hence that 

FE-bFD t j ie mea f ure 0 f the faid foices, is, every wheie, eqtjal to the con- 
FExFD 

flant quantity it is evident that the excentncity of the, orbit and the 

FM « . 

potion of the apogee h%ve no effed on the motion of the eaith’s axis 

1056 An objection may, peihaps, aufe, with regard to the -addition _of the 
forces employed by the moon m oppofite parts of it’s orbit , which ftep may 
be looked upoa as aibitraiy , but the leafon upon winch'd is founded wilWbe^ 
cleai, by confidering that the moon’s inclination to the plane of -the e<|uator, 
in oppofite points offit’s orbit, is always the fame, and that, therefoie, the veiy 
fame effect in the alteration of the pofition of the equator will be pioeluced, . 
whether the whole force employed during the defcription of the coirelponding 
oppofite angles, be equally, 01 unequally, divided, with refped to the find 
angles ; fince the faid foice ads with the fame advantage, or under the fame 
cncumftance of declination, in both cafes. 

1057. Another difficulty, that may aufe, is in relation to our having made 
the effed of the fun’s force to be about one third part lefs than the quantity 
refulting fiom calculations founded on hydroftatical principles and the hypo- 
thecs of an uniform denfity of all the parts of the eaith But, that the phe- 
nomenon cannot be tiuly accounted for, upon this hypothefis, appeals fiom the 
concuirence of all expeuments in general : for, whethei we regaid the menfu- 
ration of the degrees of the earth, the accmate obfervations of Dr Bradley, 
or the proportions and tunes of the tides, the cafe is the fame, and lequucs a 
much lefs effed fiom the adion of the fun than lefults from, or can confift 
with, the faid hypothefis. 

1058. But if the denfity of the earth, inflead of being uniform, is fuppofed 
to mcreafe from the furface to the center (as- there is the greateft leafon to 
imagine it does), then the phenomenon may be eafily made to quadiatc with tfo 
principles of gravitation , and that according to innumerable fuppofmons, rc- 
fpeding the law whereby the denfity may be conceived to incrcafc. 


9 


CHAP. XXXV. 


ON £HE DENSITIES, QUANTITIES OF MATTER, EIGHT AND HEA’l 
*. Or THE PLANETS. • 


Aitf 1059. rpO meafure the quantity of matter in dtftant bodies, appears, 

’ * X at firft fight, to be a pioblem of mfupeiable difficulty, and 

fuch it was before the difeovery of the laws of gravitation, but thofe principles 
led Sir I. Newton to a very eafy folution of this important problem, in all 
thofe planets which have fatellites revolving about them , and in the othci 
planets, they alfo furnilli a method by which their quantities of matter may be 
affio-ned, to a confiderable degiee of accuracy, by the effeds which fuch planets 
tproduce upon the others. To underfland the pnnciple upon which this de- 
termination refts, we may obferve, that the effed of attiadion at equal diftances 
will be in proportion to the quantity of matter m the attradmg body, and 
• at different diftances, as the quantity of matter and the mverfe fquare of the 
diftance conjointly The quantity of matter is alfo in pioportion to the mag- 
nitude of the body and it’s denfity conjointly. If therefore we know the effeds 
of the attradion of different bodies, together with their magnitudes, we can 
find their denfiues, and thence their quantities of matter. 

xo6o To find their denfiues, -put 

. J=the denfity of the central body. 
in = it’s diameter. 

* <z = it’s quantity of matter. 

. P = the periodicAime of the revolving body 

D.!= the mean diftance of the revolving body from it’s central body. 

5 = the line of the angle under which m appeals at the diftance JD, to 
radius unity. 

. • * D* , D J 

• .Then ^ varfes is dm i <f but (8x8) P % varies as which varies as , 

hjpnce, ‘d varies as ~jrpZ • But s— ^ , hence, d varies as JTpi>' we 

• X 

therefore affunje d=jj-p- % . 

* • s a 


For 


ON THE DENSITIES OF THE PLANETS. 


• For the Sun If we take the earth as the revolving body, P — 365,25639 
days, according to M; de la Caille, j = 0,0093155 = an. 32- 1",$ 

the mean appaient diameter of the fun, hence, d—- ~ — — - 1 . 

0,00931 55 *365,35639 


= 9,272.2. 

F01 the Em th. Heie we muft take the moon for the revolving iJocj[y, 
theiefore ^* = 27,32167 days, according to Mayer, j=o, 033155 =fin. i° 54', 
the mean angle*under winch the eaith’s mean diameter appears^ at the moon , 

hence,’ 'd= - ..;..y -aa =sa==; =36,7569. 

°*° 33 1 i !5 X2,7,32,ib7 0 « 


For Jupiter. Mr. Pound obferved the greatefl elongation of it’s ibuith 
fatellite to be 8'. 16", and the coirefponding diameter of Jupiter to be 
39"*, hence, the fine s of the angle under which the diameter of Jupiter ap- 
peared at that fatellite at that time was 0,078629, alfo, P = 16,68898 days, 

according to M. Wargentin , hence, d~ — ' ===T ~ -rrh ; : 2 = 7,3857. 

0,078629* x 16,68898 10 J/ ‘ 


For Saturn. According to Mr Pound, the greatefl elongation of it’s 
fouith fatellite is 2'. 58", and the conefponding diametei of Saturn = 1 8", 
hence, j = o,ioii2, alfo, P = 15,9454 days, according to Di Halli t , 

hence, d= - — — —-- - = 3,8038 ' 

O, IOI X 2 3 X 15,9454 


For the Georgian. If we take the fecond fatellite, we have, according 
to Dr. Herschfl, it’s gieatefl elongation =44", 23, and the conefponding 
diameter of the planet = 3", 90554 , hence, j = 0,0883 , alfo, P= 13,462 days, 
1 

hence, d = ====•= » — - — -■ - = 8,0149. 

0,0883 x 13,462 


1061 Thefe denfitics of the Sun, Earth, Jupiter, Saturn and the Ocorgun, 
ate as 0,25226, 1, 0,20093, 0,10349 and 0,21805. The other planets not 
having any fatellites revolving about them, their denfities cannet lie thus 
deternvncd, but they may be found, by obfeiving the eff&ts which thole 

* planet* . 

* From the times in which the fiilt and third fatellites are irfpaffing over the body of Jupiter, 

Sir I Newton computes the diametei of that planet at it’s mean dlftance to De 37 " > 2 .$* uhidh 
he ufes ButM delaGRANOE thinks it is fafer to trull to the diameter direfUy meafured by*i 
telefcope, he accordingly fuppofes the diameter to be 39" Sir I, Newtc/n reduces the oblimd 
diameter 18" of Saturn to 16'', on account of the irradiation of light (1063), Prom all the 
©bfeivations, we have judged 18" to be the moll correct value* * * 


ON THE DENSITIES OF THE PLANETS. 

> 

planets pioduceupon the othei planets in difturbing their motion. Euler, 
however? in his Recherches fur les Perturbations des Planets , obfervmg that the 
denfities of th efSarth, Jupiter, and Saturn, were very nearly as the fquaie roots 

of their mean motions, or inveifely, as d*, d being their mean diftancc fiom 
the fun, fuppofed that the fame law might hold foi all the planets, from whence 
* he eftimated the denfities of Mercury, Venus and Mars, But the denfity of the 
Georgian, thus determined, does by no means agree with that f&pnd from Dr. 
fiERscHEL’s.ohfeivations. M deck Grange, in ffis Pheone des Far . SecS 
des Planets, in the Hift de I'Acad. Roy.' des Scien 1782, afiumes the denfities 
tp be iiwerfely as their diHances fiom the fun, as being the moft Ample law, 
and which, by Ins calculations, anfwers very nearly for the Earth, Jupiter and 
Saturn. He computes the diftuibing forces of all the planets upon that fup- 
pofition, and fiom the agreement of the lefults with obfeivation, he fees no 
reafon for changing his hypothefis This gives the denfities of Mercuiy, 
Venus, the Eaith, Mats, Jupiter, Saturn and the Georgian as 2,5833, 1,3825, 

^ 1, 0,6563, 0,20155, 0,1121 5, and 0,052077 As howevei the denfity of the 

* Georgian, deduced from it’s fccond fatellite, by no means agrees with the above 
law, we may conclude that that law for the denfities is not generally tiue, as 
’it cannot be fuppofed that Dr Hersciiel fliould have erred fo much in his 
olSf^rvations. M. dclaLANDE rfiakes the denfity of Venus 1,0379, as beft 
anfwermg to the motion of die fun’s apogee, of the aphelion of the orbit of 
Mercury, and of the nodes of Mercury From a diminution of the inclination' 
of the equator to the ecliptic of 50" in 100 yeais, Dr Maskelyne has 
determined the denfity of Venus to be 1,024, that of the earth being unity. 
Dr Hfrschel makes the time of the lotation of Mais to be 24,656 houis, 
and the ratio of the diametcis as.16 : 15 Hence (983), the denfity of Mais 
is about 0,07, that of the eaith being unity But fiom fome obfcivations of 
Dr. Maskelyne ugon this planet, he has leafon to think that the ratio of 
lt’sJdiamcteis is much nearer to a latio of equality than that given above, which 
renders the denfity, thus deduced, fub)ec> to great uncertainty. We will theie- 

- foie affumc # the denfities of the Sun, Mercury, Venus, the Earth, Mars, 
Jupiter, Satuiu and the Gcoigian, as 0,25226, 2,5833, 1,024, 0*6563, 

0,20093, 0,10349 and 0,21805 

# io$2. By Art 1038 the denfity of the moon • denfity of the fun as 2,44 

1 „ and thfc denfity ol* the fun being to that of the eaith as 0,252 1 , it fol- 
lows, thaf the clenfity of the mofln • denfity of the eaith • 0,6149 1. Hence, 

# m prdjportion to tfie above* denfities of thq planets, the moon’s denfity would 
be 0,^149* 


ON THE DIAMETERS OF THE SDN AND PLANETS, 


To find the Ratio of the Diameters of the San and Planets . 

P - 

“1063. Dr. Herschel found the diameter of the Geotgnvi, at it’s mean 
diftance, to be 3", 9 5 54* if therefoie it were feen at the mean diftanct of the * 
eaith fiom the fun, it would be 74",52. Mr. Pound found the diamelei of 
Satmn, at lt^mean diftance fiom the earth, to be 18", and therefore if, it were 
feen- at the mean diftance of the earth fiom the fun, the diametei would be 
1 71", 7 1 He alfo found the diameter of Jupiter , at it’s mean diftante, to 
be 39", hence, at the mean diftance of the earth from the fun, it would be 
2.o2,",82,. M. Picard and Flamstead found the diameter of Mats to be 
30" when it’s diftance fiom the earth was 0,3815, the mean diftance of the 
earth from the fun being unity , hence, if Mars were feen at the eaith’s mean 
diftance from the fun, it’s diameter would be ii",4* Dr. Herschel makes 
it 8", 94, which is probably the moft accurate. The apparent diametei of the 
Earth feen fiom the fun is twice the fun’s horizontal parallax, 01 17", 5 (629*). • 
In the tranlit of Venus over the fun in 1761, M. de la Lande, fiom his own 
obfervations, and thofe of Mr. Short, found it’s diametei to be 57", 8 , • 
hence, the diametei of Venus, feen at the mean diftance cf the eaith fiom the 
fun, would be 16", 7 The diameter of Mercury, meafured by Di Bradl'ey 
in 1723, in it’s tranfit over the fun’s dife, with a miciometcr to HuygI'Vs ♦ 
telefcope of 120 feet long, was found to be 10/75, Iicn< . e > it’s diametei, at 
the mean diftance of the earth, will be 7", 27, M de la Lande, fiom the 
tranfit in 1753, found it to be 6", 5 , we will therefore take it 7". The dia- 
meter of the fun in it’s apogee feen from the earth is 31'. 29",' 2, acCoidmg to 
Dr. Maskelyne, according to Mr. Short," 31'. 28", according to M. de 
la Lande, 31'. 30", 5, Di. Maskelyne’s is a mean between the othei twt>, 
we will therefore ftate it at 31' 29", and as the diffeicncc of the diameters un 
it’s apogee and peugee is 1'. 5", if we add it’s half, 32/5, to 31' 29" we have 
32' i",5 for it’s mean diameter. Sir I New-ton fuppofes that thole is a ^ 
ibnfible aberration in all telefcopes, which makes the image of the Ghjefl in the 
focus of a telefcope greater than it ought to be. He obfgrves/ that this aber- 
ration has a leis ratio'to the diameter of Jupiter in long than m Ihort telofcopcsj 
the latter therefoie will give the greater diameter. What redu&ion mud be * 
made from the meafured diameter by any telefcope 'in order to get the. rCal di- 
ameter, it is not eafy to fay. M de I3 Lande thinks you may allow 5* for'a 
fmall telefcope not very perfect. This will make the diameter neaily th&fame 
as that ufed by M. Cassini in his Tables, who probably had not a very good 
telefcope for that purpofe. On the contrary, when a planet appears on . the 

fun, 


THE QUANTITIES OF MATTES, AND WEIGHTS OF BODIES ON THE PLANETS. 

fun, it’s diameter, meafuicd by a telelcope, appears lefs than it is, owing to the 
irradiation of the fun. The diaftietei of the moon in 1748, meafuied upon « 
the difc^of the 4 in, appeared 6'' lefs than when meafured off the fun. Hence, 
the diatneteis of the Sun, Meicury, Venus, the Earth, Mais, Jupiter, Saturn 
and the Geoiglan are as 109,8, 0,4, 0,9543, 1, 0,5109, 11,593, 9,812 and 
4,258. 

1064. We have found the denfities (1060), and (1063) apparent chameleis 
of all the planets feen at the mean diftance of the qaith from the fun, which 
'mull reprefent the ratio of their real diameters, and as the quantities of matter 
"in fphtfrical bodies are as the cubes_<pf their diameters "and denfities conjointly, 
we find the ratio of the quantities of matter in the Sue, Mercury, Venn® 
,the fiarth, Mais, Jupiter, Saturn and the Georgian as 333928, 0,16"’ 
0,88993, 1, 0,08752, 312,101, 97,762 and 16,837 

1065 The diametei of the earth is to that of the moon as 1 1 
0,2727, therefore the magnitude of the eaith that of the 

,02028, 01 very nearly as 49 1 , and their denfities (1062) ar aS 1 

therefore the quantity of mattei in the eaith that of the r ° n * 1 0,1 

If we aflame, with fome Authors, the denfity ot the m >n t0 * iat ° * 16 un 
j?s 2^5 * 1, the quantity of matter in the earth that tbc moon * 7 l » or 
1 . ,0.28 A 1 &, the gravity of a body upon the ^ 18 t0 that on * he m0 °” 

as i : 0,1677, f 


;0n 


1 as 1 
x 


' To find the relative (P, eights of Bodies ujvii the Surfaces of the Planets. 

1066. The weight of a given body-* 11 a P lanet muft be m , P r0 P°‘ tl0 !l C0 
the forefc witlr which the planet attra-ts it, the weight being the effect anfing 
from that caufe. Now when # thc AOlce vancs mverfcly as the fquare of the 
diftance, it a body be at the ftriface of the fpheie, the attiaftion (837) vanes 
?>s the dfameter and! denfity conjointly , confequently the weights of equal bo- 
' (lies on the furfaces of difpnent planets, vary as the radii and denfities conjointly, 
or aS the diameters and denfities Hence, the weights of equal bodies on the 
fuifaces ,pt the Sun, Mcicury, Venus, the Earth, Mars, Jupiter, Saturn and 
the Geoigian aie as 27,7, 1,0333, 0,9771, 1, 0,3355, 2,3287, 1,0154 and 
0,9285, thefe numbers thercfoie leprefentthe forces o£ gravity upon the fur- 
•facts of tljele rclpedive bodies. 
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ON THE LIGHT AND HEAT OP THE PLANETS. 


*44 

1067. The following Table exhibits the gelation of the dcnfitics, diameters, 
quantities of matter, and giavily on the furface of the refpe&ive bodies. 


Planets 

Denfities. 

Diameteis. 

Quantities of Mattel 

"Gray, on Surf 

Sun 

0,25226 

109,8 

3339 zS 

27,7 

#• . 

Meicuiy 

„ M 8 33 

0,4 

0,165.36 

1,03^ 

• 

Venus 

A 

1,024 

0.9543 

0,88993 * 

• 0,9771 

' 

11 i 

X 

I 

I 

• 

I * 

Mars j 

0,6563 

0,5109 

0,08752 

o ,3355 

Jupitei 

. N 2 QQ 93 

11.59 

312,101 

2,3287 

Saturn 

o,iT 

I 19 

9,812 

. 97 > 7 6z 

1,0151. 

Geoigian 

0,21805 

1,_ 4,258 

16,837 

0,9285 * 

Moon 

0,6149 

j 0,2727 

0,01245 

' 0,1677 


Fig. 

2 33 * 


1068. The mtenfities of light ani heat which the planets receive from the 
fun, vaiy invcifely as the fquares of their diftances fiom the fun. For let L 
c a point fiom which light or heat diverges, abc a tnanglc upon which they 
fall, produce La, Lb, Lr to A, B, C, an d let AB,BC, AC be refpcftivcly 
paiallel to ab, l>c 9 ac\ then the triangle#^ i^fimilar to AU Chanel the fame 
quantity of light or heat (fuppofed to proceed in ftraight lines) which fall on 
abc, would, if that plane were removed, fall on ABC, and theie occupying 
a greater fpace, the intenfity muft be fo much lets m propoi tion as the fpace \ 
gi eater , hence, the intenfity on abc • the intenfity oh ABC \ ABC : abc \ 
AB • ab LB X : Lb % . To apply this to the fun and planete, we have 
(? r 7) the diftances of Mercury, Venus, the Earth, Mais, Jtiyit’r? Saturn, 
and the Geoigian from the fun as 4, 7, 10, 15, 52, 95 and 190, the inveifc 


10’ 


- 10 

, 1, 


i° x .10* 

Ti' — ^ and 


io* 


~ , or* as 


fquares of which are as — , 

4 * * 5 *’ 5 »** W* *90^ 

> 2 5 > 2 >° 4 > I > °, 44375 , °s° 3 ^^ 75 » 0,01106 ai>d*oroo276 the relative inten-, 
fities of light and heat which the'refpedhve planets receive from the fun. 


. 1069. The 
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ON THE APPARENT DIAMETER OP THE StTN AT THE PLANETS. 

% 

1069. The apparent diameter of a body is inverfely as it’s diftance. Af- 
fuming theiefoie the mean diametei of the fun = 32', we have the apparent, 

diametei of the Sun at Metcury = - x 32'= 80', at Venus = --* x 32' = 45^7 , 

2 7 

;’=^x 3 2'=2i',33, at Jupitei = i^x32 , = 6 / ,i5, at Satuin = i 2 x 32' 

^ 5 ^ « * 

% * 

~ and at the Georgian = x 32' = i'M> Hence, the appaient dia- 

v rrfeter of the fun at 4 the Geoigian is only about z\ times greater than the appa- 
ient # diameter*of Jupitei feen fiotp the eaith at it’s riftan diftance* 

* • 

’ The following Table exhibits the lelative mtenfitics of light and heat at the 
different planets, and the apparent diameter of the fun feen horn them. 


Planets. 

Intenfities of 
,Light and Heat 

. 

Appaient 
Diametei of 
the Sun 

Meicuiy 

6,25 

8 o' 

Venus, 

2,04 

45>7 

Eaith 

I 

32 

Mars 

1 0.44375 

2 i .33 

Jupiter 

0,036875 

6,15 

Satui 11 , . 

0,01 106 

3.37 

Georgian 

0,00276 

1,64 
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CHAP. XXXVI. 

r* 

r 

ON 'JHE MOTION OF THE PLANES OF THE ORBITS OF TH£ PLANE1S, 
FROM THEIR MUTUAL ATTRACTIONS. ^ , 


~p^Y companng the modem with the ancient observations, it 


Fig 

234 - 


Art 1070.' 

appears that the latitudes of the fixed ftars vary, and that the 
mean inclination of the ecliptic to the equatoi gradually diminilhes ; the former 
can arife only from an alteiation in the pofition of the ecliptic M. Godin, 
m a Treatife on tlie obliquity of the ecliptic, judged that it’s diminution was 
owing to a change in the ecliptic. He compared the pofition of the nodes of 
Jupttei’s orbit, obferved 241 years before Christ, with that obferved by M. 
de la Hire; and fuppofing the plane of Jupiterfs 01 bit not to be changed, he 
concluded the ecliptic 'm aft His conjedtuie, partly true, led him to affigu 

the tiue caufe of the diminution Kepler and Tycho obferved that the 
latitude of the ftars was fubje£t to a change, the foimer concluded that it was 
owing to a change in the pofition of the ecliptic, and that it arole from fome 
phyfical caufe, lie fufpedted that it might anfe hom the lotation of the fun 
But aitei S11 I Neivion had ellubhfiied the dodnne of unnerlul giavitation, , 
it was evident that the planets muft difluib each othei’s motions, the confc- 
quence of which muft be, that as their orbits arc inclined to the ecliptic, 
they muft tend to difturb the motion of the earth in the plane of it’s mbit, 
and tliercfoie fubjedt the ecliptic to a change in it’s pofition. Eulmc full 
computed thefe cifefts on the earth, and found that they would folve the above 
phsenomena, and alfo give the vanation of the inclination of then orbits, and 
retrograde motion qf their nodes The method heie givcif of inveibgating 
thefe mattus, is fimilar to that by which we detei min^d the motion of the 
moon’s nodes 

G <■» 

1071. Let NQji be the oibit of the body ^inclined to N An the plane of 
the 01 bit of the body P, NSn the line of the nodes , diaw PAS , and A a per- 
pendicular to the plane N'Aji, and AK, aK perpendicular to Nn, then AKa is 
the inclination of the 01 bit of ^ to that of JP-, produce Sa tq <u v and chaw Pv' 
parallel to A a, and confequently perpendicular to t£ie plane NQn , join ° 
whipli latter will lie in the plane NQn, becaufe v as in that plane, and 
draw §>j{ perpendicular to PS, and §>L to Nn. Put SP=a, b, Su~x r 
and s = fin, AKa , alfo, let 1 . m :: quantity of matter m P : that in the fun 5. 

Now 




OH THE MOTION OF THE PLANES OF THE ORBITS OF THE FLANETS 

Now if SA reprefent the force of S towaids P, then A a is that pait of the foi ca, 
whicl^ads pespendicularly to the plane NQji, and Aa=s x AK-, but the foice 

of S to P varies as — , and not as SA j hence, SA : •• s x AK : that part 

* a a x 

of the*foice of P upon S which ads peipendicularly to the plane of the oibit of 

x — ~l x ^ in NS A to radius unity Now any lines mn, zx paiallel 

^ * 

to *Pv will be perpendicular to the plane N$ji. Hence, if Sm, §>jz reprefent 

the forces of $ to P and i^jto P, then mn, zx will reprefent that part of each 
force winch ads perpendicularly to the plane NQn. 'Let therefore Sm reprefent 

* -i- , then mn will repiefent x fin. NS A , and let alfo Qz reprefent 

hence, and by fimilar tnangles, 


Pv SP . mn Sm * x fin NSA ~ 

a“ a 


P® Pv ©2 = 


s x fin. NSA . i 


r sxSP 

PQj- SP, • NSA zx=p^x fin NSA = 


a * + zax\ 


~i.x 1 in.NSA, 


which is that part of the foice of P o n gjj which ads per pendicularly to the 
plane NQti Hence, s x fin. NSA x ■ -- - -~ a ■ - - i = t he diffeience of 


l - -\j - a I 1 1 V/X 

• a +v* — zaxy a 

the foipes by which S and ©_ are diawn from the oibit N^ji, or 1 the whole 
foice with winch ©_ is diawa fiom the plane oi it’s oibit about S. Now 

is the foice of towaids S , hence, if §>w be an indefinitely ihull aic, we 


hatjp (as in Art. 92/) 


f x fin NSAx=Z L=r, - * : 52 
b '~ « 0 


sxbx fpw 1 y fin. N SA [ 

>_ % ^ "" ~ 

m » a* + b*- 


the velocity generated by the 


^ fo/ce drawing the body. .© fiom the plane of it’s orbit, ‘the velocity in the oibit 
Wwng^w; hence, this fcvtttn velocity : the former :• 1 . — -JL?.- — 


1 i 4 b — 2<ix\* . <*’ 


1072. Draw 


ON THt MOTION OF THE PLANES OF THE ORBITS OF 
10)2 Diaw not perpendicular to the plarfe NQti, and take it to Qjui as 


r x £ x x fin NSA 


— to i, and draw the' oibir 


m d + b* - 2a.l\* al 

N'$tt/, and nn' will be the cotemporary motion of the nodes Diaw «'( 

peipendicular to then §>w wt fin §j, 01 which is §>L, n's 

wtx®L , , wtx®L , /' wtx ®L 

— — @r^r~ ’ jn d ns — — — • rad. = i : nn = 


§ljv 


sx @w ; 


b x gw x gL x~fin NSA 


a 


m 


X 1 — ■ 

a~ -j- 1 ? — 2 TaI '■ 


1073 Duw Dd perpendiculai to PAS, then gJL is the fin. N 
= fin. j ISD ± NSD = fin. gSD x cof NSD =b fin. NSD x cof. i^SD^fin 
gSD x fin NSJ =t cof. NSA x cof gSD Now in a whole revolution of ^ , 
the laft teim will be deftioyed by the oppofition of figns m the oppofite qua- 
diants, and theiefore to get the mean motion of the nodes in a 1 evolution, we 
may negleft that term, hence, if we fubftitute fin gSD x fin NSA foi gjj. 


put b — i, and x for fin gSD, we have nn' — 


b x gjw xxx fin NSA 1 


m 


a 


— But to deteimine the value of this quantity for a whole-* 


,~~rz~3 and multiply it by x, aixl 


/?+ i-zax\* 

levolution of we mufl expand 

a l + i-zax] i ~ 

then take tliofe terms only which contain the even powcis of x, for in oppofite 
quadrants x having a diffeient fign, the odd powers will deflioy each other in 

rx 2. L 

a levolution. Now by Sir 1 Niwton’s Binofmal Theoiem, P + Pg]~' = 
P” + t A£)j\ — Bg^-i — — — Ci^+&c. where A, B, C, (Ac reprelent the'' 


n 


2 « 


3« 


preceding term , and to make the expanfion of the above quantity converge," 
the powers of a muft Hand in the denominators^ hence, P=d l > g = ~ - 

<r # 

2 X * 

t = - 3, n — 2, hence, by expanding the above quantify ancf multiplying 
* 

each teim by x, and taking only the even powers- of x, we have ««£=_ 
ffyoxfin NSA* i$x z 3 $x* 105* 1 „ 315a 4 r 693^ 31^* 

mx* {3 ' Td r+ T^ + ‘J^~ 

346 1;* 4 9009/ , 64215 ft; 8 'l _ , - 

"76? r6A~ + ' ita^l ’ But by tlie P nnc, P les ^ V hac 

Tiigonometry 


+ 


*> the planets, fron# their mutual attractions, 

» o 

Tugonometry (fee Crakelt’s Trig.), A.'* = f - i cof. zQSD, * 4 =|-fcof. 

9 

2 SLSD+ -g cul ; 4 $SD, x 6 = £ - cof. 2$SZ) + ^ cof 4 ^SZ) -~ v cof 

6 9 SD, ‘.v* = ii - 4 cof. 2^SD + 1 - cof. 4 ®jSZ> - - , cof. 6%SD + 
^ i6 32 ^ 16 -» 

I ** 

— ; c5»(. 8®SD, and in a whole revolution of the oofines of zQSD, 4 QSD, 

i £> # * 

6 ^SDi 8 &SD h &l &c. will deftroy each other by the oppefitibn of figns in 
the oppofice quadrants, and therefoie to get the mean motion of ^ in one re- 

3 Ju 
8’ 16’ 


volutiort, we may negleft thofe quantities, and fubflitute only 


foi a®, a 4 , a 6 , x s , hence, by collefting the teims, and fubflituting 360° 

128 


foi S>zv, we have «»'= 


3 x 360° x fin NS A* 


x 1 + 




+ 175 
T 6412 4 


• • 


z/nxa° 8 

the mean motion of the nodes in* one 1 evolution ot i^_, the place of P being 

given Now accoiding to the mcieafe of the teims 1, ^-5 } lAZi ^ we 


/i- xi * * 9 1 , 3 x 360° x fim NSJ* 

rpay aflume the next term - , hence, we get «« = -2 j x 


zma’ 


3675 


1? 17? . 

1 -i — a. a — c2. + 

’ 8ir 6412 4 1024a 


9 

2 a 


a + — -s . 


If hny fufther-'terms fhould be lequiied, 
% 

the law to which they are obferved to Appioach, will enable the computer to 
fupply them to a veiy confideiable degice of accuiacy This is necetfaiy, 
when the difference of the diflances SP, S is frtiall in refpeft to 
thofe dubanas As the im i>d ~ — \ — \ cof. iNSA, it we fubfti Lute this 
q+antity for Im. N SA *, we may, for the fame realon as above, negleft 
l cof 2 NS A for one revolution of P, confequen|ly the mean motion tut' 


of the nodes will be x 1 + —A + ~~ 4 — 3 - - 7 _5 

- - 


za 


This is 


4.ma 3 ’ 8a 1 6 4a* ' 102 4a 0 

the mean motion of the node*of an inferior planet upon the orbit of a fupenor, 

from the afticn of that fupenor. , - 

* 

1074 To get the motion of the node of a fupenor planet from the aftion of an 
iflfenor, a bc^ome^ lefs than b, or lefs than unity, thciefore the powers of a mufl. 
go ifi the numerators , hence„P = 1, — 2 a x, and, by a fimilai procefs, 


we get «#'s= 


3 x 360° x a 1 

4m 


x 1 + 


, 175* 4 , 367V 


9 a 


6 4 **" 1024 2 


This is 
the 
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+ A 6 I1 for 
1024a 
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ON THE MOTION OF THE PLANES OF THE ORBITS OF - 

the mean motion of the node of a fuperior planet upon the orbit of an infenoi, 
from the adtion of that inferior. 

To find how much the nodes of the orbit of Jupiter go back upon the orbit 

I * *97762 

of Saturn, from the disturbing force of Saturn. Here we have ^ r > 

« = — , hence, in one"! evolution of Jupiter, nn' = 1 13", 01 at tin' ij*<“ ol 
5 2 ' • 

about 9", 9 in a year. 'Euler makes it 10" _ « 

To find how much the nodes of the oibit of Saturn go back upon tie. o.hit 

I 212 101* 

of Jupitei, from the difturbing force of Jupiter. Here we have =*= — , 

a= — , hence, in one revolution of Saturn, nn'= 659", or at the rate ol about 
95 

22" in a year, Euler makes it about 18". 


The Motion of the Nodes of the Ecliptic upon the Orbits of all the Plane ft, 
from the Attractions of the refpeEhve Planets . 

1 , 

t 

To find how much the nodes of the ecliptic go back upon the orbit ol the 

Georgian , from the diftuibing force of the Geoigun. Hcie we have ~ - 

x6 827 * 

— ’ , a = 10; hence, in a year nn’ — iG'" 5 therefore the feculai motion 

3339 28 - 

is 43"'. 

* 

To find how much the nodes of the ecliptic go back upon the orbit of 

Saturn , from the difturbing force of Saturn. Hem we have - — AJIL-?. , 

r - >» 3S39 2h 

0=9,5 ; hence, in a year b«'=2o'", 34, therefoie the feculai motion is 34". 
Euler makes it 37". 

To find how much the nodes of the ecliptic go back upon the orbit of 

Jupiter , by the diftuibing foice of Jupiter. Heft we have - s= , 

hence, m a year = 6^,93 j therefore the fecular motion is *693''. 
Euler makes it 695". 


“THE PLANETS, FROM THEIR MUTUAL ATTRACTIONS, 

To find how much the nodes ’of the ecl.piic go back upon the orbit of 

Mars, fi&tr the attraction of Mars. Heie we have ~ = 0 > 0 * 1 & 

, - , m 3WQ28’ a ~ I, 5 » 

hence, ma.>e.u .3", 4; therefote the fecular motion „ 

, T “ how '' m,Ich nodes of the echpttc go back upon the otbtt of 
r "*'i' fa m the difiutbing foice of Venus. Here we have = ?’ 88 90t 

*=o s7 a, hence,.m a year therefore the fecular motton u «8" 

buLER makes it 533". - « ' 

* • 

To find how much the nodes of the ecliptic go back, by the adion of 

Mercuiy, upon the oibit of Meicury. Here wc have l = °> l6 33 6 

, m 222028 9 > 

hence, m a yeai ««' = O'", theiefoie the feculat motion is io" 

1071, The inclination of the «bit of * to that of P will be fubjed to a 
like vaiiation with the inclination of the moon’s oibit to the ecliptic and bv 
the veiy fame reafoning it appears, that the mean inclination of the two oibits 
wil ncvci vaiy. It is therefoie unneccfiaiy to give the inve/bgatlon as it 
would only be a repetition of what we have already very fully explained, * 

1076. Let AN, BN be the orbits of the two planets, CE the ecliptic, and Fig 
let us call the planets A and B refpedively, then (1073, 1074) the attiac- 2 2c. 

oibit °Ya UP °? f Wl11 T kC the n0d ° S ° f the 01 ' Mt of B &° I'ack upon the 44 - 
0 bit of A .and th dtnafl.on ot li upon A will make the nodes of the oibit of 

/I go back upon I he oibit of 5,.Uit (1 07 0 the mean inclination of the two 

orbit, will remain the fame. Hence, if NA, NB be the oibits of two plants 

^and B, moving towards N, the attraction oi B upon A will bimo the orbit 

AN into the pomion Av, and the attraction of A upon B will bring the orbit 

in q the pohtion b w , to that fiom their mutual attiadmns, the node will 

be biought tq/i, and the angle at n will be equal to the angle at N. But in 

.refpeA to the ccLptic, ■ the nodes of the orbit of ^ in Fro. 235. go backwaid^ ' 

anc the nodes of the oibit of B go forwards ; but the comiary in Fic. 2-6 

Noy 1t.1sman.Lft fiom die figures, that, as the points A and B, about winch 

each °i y it revolves, the 90° bom the node N, the node of the oibit of A will 

be diced or retrograde upon the ecliptic, according as zN is lefs or gt eater 

tiian 90^ and the node of the orbit of B will be clued or letiograde. af.viVis 

gteater or lefs than 90°. # Now, whethei zN, xN be gieatei or lefs than 90°, 

„ may 
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ON THE MOTION OF HIE FLAKES OF THE ORBITS OF 

i* 'known fiom tho imngje NxA where we know the airglet, » 
and z the inclination of the two orbits, and xz the -difUnca of tlicir 
Is" Z, to dele, mine the motion of the node ,n any gnen time 

we have, by the vaiution of the triangle zNz (fee CRAKy.ru 7 , 4 , 

,, - var. ex cot. zN _ . „=N,- . 

fin. z : cot. z N var. a rz - fin z 

Nv < fill X X fin xz x cot zN thc mpuon ol the nodirol the * 
im a* x fin.-.va) — ; 1HT. z _ * *, 

O, tut AN upon the ecliptic, in the time the node moves thwogl. A i- upon 
the orbit of B _ 

Ex Let A leprefent Mars, and S Jupiter ; then *z=- 5 °°- lhe an ^ e 
^ 2 = i78«.ai' and the angle Nzx = i° 5 i # . alfoiV V =i 4 ^ voiding toM. . 

de la L \nde (found by Art. 1073), hence, Nz = i 35 °* 5% which being greater 
than 90“, fhows that the node of Mars is retrograde upon the td^chom ic 

14", 2 x fin 178° 4 l x fin - 5 ° 22 
adlion of J upitcr , hence, r z 5 fin. 1° 5? 

^7", 83 motion of the node in a year, therefore 13 0 3' tho £cuhl r - U0ft0n: *■ 

As Nx = 44°. 55 '» die node of Jupiter is regicflive. 

1077 The angles at N and v being equal (1075), the interferon A alTout 
which the orbit moves muft be 90° fiom Now Hence, as the two 01 bits AN 
Av and BN, Bw, diveige fiom each othei in each dueflion foi 90 fiom A and , 

„ mamfeft, tlh in e»Zh cafe the angle at , ,s lefs than that at a, and dicicta 
the inclination upon the ecliptic is dimimflied; but the angle at 1 
than that at #, and theicfore the inclination upon the ecliptic .is mutalul. 
Hence by placing the nodes in all their'diffeient pofitions, we deduce this 
rule given by M de la Lande. Whenever the node of the 01 bit of the {jaut 
•which attracts, is forwarder than the node of that which a, attuifted, the mhnation 
of the orbit of the attiaSed body to the elliptic is dimmjhed \ if the dijlanu of the nodes . 
be left than 180% otherwife, it is mneafed. We here mean the lame node, t ut 
is, the afeending 01 defending one Now if we auangc the panels , accmdni^ 

to thc filiation of their nodes, beginning with that whofc node Is foiwardell,. 
they will ftand thca . Saturn, Geoigian, Jupitei, Venus, Mai', and Mcrcuij. 


* By fphencal Tngonometiy (Cac.noli, Trait! it Trt^ p W ).t» "} . * 

■ cof* 1 , 


fin 5- Nxz^-N xx 


v z - — ..tj-zdi . and tan. \ . N» -+ Nx — tan. * • X 
fin •J . Fxx + Nzx 


N*x. 

* t 


cof i Nxi + Nxm 

hence, finarngM^he Turn and difference of Nz, Nx, we get Nz and AU. Thus we at once 
determine, whether the node of each is nrop-reffive or regreffive. ^ . 


THE PLANETS, FROJrt THEIR MUTUAL ATTRACTIONS. 

0 

Hence, Saturn dimimlhes the inclination of all the other oibits , Jupiter in- 
creafes that of Saturn, and dimimlhes all the left, and fo on. This is upon 
fuppolkion that? the ecliptic is immoveable. 

1078. Now to find how much the inclination of each varies in a given time, 
we may cpnfider the triangle Nzx to vary and become vrx, wheie the two 
angles x and iV remain conftant, hence, by fphencal Tugonom^try 
(Cra^elt’s ), variat. tLz-Nvxi: in tfxfin xz. 

\ . * 

? Ex. The node of 'Mars goes back upon the orbit of Jupiter *4" 2 in a year, 

alfo tfie angl *NxE for Jupiter is i\ 19', and the diftance zx of then nodes = 
50 0 . 32', hence, Jupiter dimimlhes the inclination of the oibit of Mars by a quan- 
tity = ?4",2 x fin. i° 1 9' x fin. 50*. 22' = 0^,248 in a year, oi in 100 years. 

1079. The following Tables contain the annual movement of the nodes, 
and the fecular change of the inclinations of the orbit of each planet from the 
attraction, of the reft, according to the theory of M. de la Grange. 


ANNUAL MOTION OF THE NODES. 

By 

the ABion of 

Meicury 

Venus 

Mars 

Jupitei 

Saturn 

Mercury 

— O^jIO 

4- 0^,16' 

- <>",32 

- o",3i 

- o",n 

1 Venus 

- S’ si 

- 7 > 46 

— 11, 80 

~* 7 > 56 

- 8,06 

Earth 

- 0, 87 

- 6, 69 

~ G 77 

— 0, 01 

— 0, 00 

Mars 

- 0, 14 

0, 29 

- °>43 

~ 39 

- 0, 14 

Jupiter 

- 2, 18 

“ S’ l 3 

— I I, O 

- 6,95 

— 12, 28 

Saturn * 

— 0, 12 

- 0 , 09 

- °» 47 

00 

00 

+ 

“ °> 34 

■» Total 

- 8, g8 

~ l 9> S° 

- *S’ 79 

- * 9 > 34 

- 20, 93 

0 

Piecefhon 

5 °> 2 5 

S 0 ’ *s 

S° ’ 2S 

S°> *5 

S°’*S , 

Mot. in long, 

* • • 

41, 27 

* 

3°> 75 

24, 46 


2 9 > 3 2 


* <5 

•'TJie firft perpendicular line flnows the body which attracts, and the. fiift 
horizontal line, the body which is attracted When we fee, for inftance, that 
Mars attracts Mars — ©",4.3, it is not that Mars attracts ltfelf, but it dilplaces 
Vol.IL * U the 
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the ecliptic, and makes the nodes of Mars move - o",43 upon it. And by 
fubtradhng the regrcflion of the nodes from the preceffion of the equinoxes, we 
get the motion of the nodes in longitude. In order to adapt the effedt of 
Venus in the fecond horizontal line to what it would be upon our fuppofition 
of it’s denfity, we muft dimimlh all the numbers in the ratio of 1*3825 : 


1,0*4* 


SECULAR CHANGE OF THE INCLINATIONS. 

r <r 


By the 
Action of 

T ' 

Mercuiy 

Venus 

Mars 

Jupiter 

Saturn r 

Mercury 

o",oo 

+ i / ',94 

- o",o5 

~ °" j9 5 

— i"jio 

Venus 

+ 9? 4^ 

0, 00 

+ T 7> 95 

-17, 67 

-26, 65 

Mars 

o 5 06 

-0, 42 

0, 00 

— 1, 06 

- I> 25 

Jupiter 

+ 9> 8 7 

4“ 2, 60 

- 13," 20 

0, 00 

+ 5 > 8 9 

Saturn 

+ 04 

+ °> 35 

- 

- 7>5* 

0, 00 

Total 

+ 20, 43 

+ 4> 47 

+ 3> 45 

-27, 19 

-23, 11 


0 


We muft dimimfti the fecond honzontal line as before, in older to adapt it 
to the denfity which we have affumed. This feculai change of inclination takes 
into confideration the difplacement of the ecliptic. 


On the Change of the Plane of the Ecliptic 

r 

1080 Let r L be the pofition of the ecliptic at qaiy given time, B VA the 
orbit of Venus, y B the equator. Then as the attradion of Venus upon the 
earth caufes the orbit of the earth to go back upon the oibit of Venus, let rcV 
be the next pofition of the ecliptic Now as the longitude y A of the node of 
Venus’s orbit is aboilt 2 s . 14I 0 , and the angle rAV =r VB, becaufe (1075) 
the inclination of the two oibits is not alteied, we hive^r==go% therefore / 
lies backwards beyond y , confequently the ecliptic- has gone forwards upo® die 
equator from T to c-, and from the motion of the ecliptic, .the latitude^ and 
longitude of the ftars will be affeaed. Hence, fuppofing the triangle y BA 
to become cBF, and the angles £ and 7 to remain conftant, we have (as m 


0 the planets, fro*m their mutual attractions, 


*55 


AV x fin. 5 R fin vBxcot vA , r - D - 
Art. 1076.) i>f= ^ (becaufe fin. 5 xfin. 


T 


v B = fin. A x fin. w A , and fin. <p A x cot. v ^ = cof. t^) 

Z. * f* n . ^ * C0 ^‘ — — the piogreffion of the equinoctial points upon the 
fin <y» 

equator, fromvhe aCtion of Venus. Now to find thS value of this upon^the 
eclvpti’c, draw c 0 perpendicular to r L , and then we fhall have \ 0 = 

^ ^/^x fin Axco(_ «f x cof. v ^ =AVx fin. ^x cot. v x cok the pro- 
• . fin r • 

greffion of the equino&ial points upon the ecliptic. For ffupiter, Safurq, and 
, the Georgian, A lies above three figns from t and therefoie r lies on the other 
fide of v as m Fig. 238. therefore c and 0 he on the othei fide of r; con* 
fequently they caufe the equinoCtial points to go backwards, but <y> A being 
lefs than three figns for all the other planets, they caufe the equmodhal points 


*5 


to go f 01 wards. 

1081. Now to find the variation of the angle v , we have, (as in Art. 1076 )< 
vanat. L. t =■ AV x fin. B x fin. "V B = (becaufe fin B x fin T’-S = fin A x fin. 
\ 4 ) AVxfm. Ax fin <r A . Now as Vi is 90°, Vr is convciging to Ar, 
and therefore the angle BcV is lefs than Br A, confequently Venus dimimlh.es 
the obliquity of the ecliptic And as r r is lefs than 90° for all the planets, 

"they all tend to diminiflh the obliquity of the ecliptic When, by the motion 
of the equinoxes and node A, r A becomes greatei than 180% it’s fign becomes 
negative, and the obliquity will be increafed Hence, when die longitude 
of the afeending node of a planet’s orbit is lefs than ‘180% it dinmifhes the 
obkquity of the ecliptic, but when greater than 180% it inireafes it 

1082. To find the variation in latitude of any ftar s Diaw Svw perpen- 

* . . AV xf\n A y co\ A , 

dicular to Vi, and sx to tA, ’Then as v£ = 7 > theie- 

m 1111 <y* 

*fore co = AVx fin. ^ x cof r A, and co . vw • fin. rr fin tw cof. A*? 
.cof Av, hence, vw — AV x fin Ax cof Av, the variation of latitude 

1083. To find the variation of longitude Fiona the vanation of the light 
angled triangle srx, whof# hypothenufe sr is conftant, we find (1047) vx— 


<uw x tan v £ ]j encej vx —AVx fin. A x fin. Ax x tan lat. =AV x fin. Ax 
tan. xr • 

(fip of longitude of the far - longitude of the node of the planet’s orbit) x 
* tyi , of tlte (tai’sJatrtude. This is one part of the variation, but as the ecliptic 
. h^s nibved tipon the equhtSn»from r to c, the longitude of all the flars will be 
alft alteied by <r o — AVx fin. A x cot. x cof <r A. Hence, the whole va- 
uaiion m longitude = AVx fin. A x fin x - r A x tan lat. — AV x fin Ax cot. 
V xcof. of A, where regatd mull be had to the figns of fin. lx - TA , tan. 
* u 2 lat. 


Fig. 

238. 


Fig. 

* 37 - 
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- lat. and cof T A, the laft of which changes for Jupiter, Saturn and the Georgian , 
becaufe for thefe planets, r A is greater than 90°. If the ftar fee very near the 
pole of die ecliptic, the expreffions fail. Hence, if * 

m =the inclination of the planet’s orbit to the ecliptic, ' * 
r w = the obliquity of the ecliptic, r 

1 = the longitude of the afcendmg node of the planet’s 01 bit, 

/ = the longitude of the ftar, , 

t =it^ latitude^ «. 

a =AF, then, 

• • 

I. a x fin. m x fin. £ = the dmuption of the obliquity, whilft the fin. L is’ 
pofitwe, which is the cafe at piefent for all the planets. When L becomes 
greater than 180 0 , the planet will incrcafe the obliquity (1081). 


II ax fin. m x cof. /— JL — the mcreafe of .the latitude of a ftar on the north 
fide of die ecliptic, within 90° longitude of AL, but the decreafe for one on the 
fonth fide. And the contrary, if more than 90° longitude from A (1082). 

III. a x fin. m x cot. w x cof. L = the progtejjion of the equmoftial points 

ecl) P flc ’ when cof - L * pojitive, and the legrefion, when negative . 

IV. ax fin. mx fin. I- Lx tan. / = that part of the vanity < of the ftar’s 
longitude which belongs to each particular ftar (1083), wlieir t muft be writ- 
ten negative when the latitude is fouth. This expreffion is lulficient, when we 
only want to compaic the variation of the longitudes of two ftar* m refpeft to 
each other. The part (1083) common to all' the ftars is * x fin. m x cot. w 
x cof. L, which dimimjhes the longitude when cof L is pofitwe, and mcreafes if 
when negative , and therefore it muft be written negative tc give it it’s proper 
efleft. Hence, the whole variation in longitude =a x fjn m x fi n . T^L x tan. t 
- ax fin. m x cot. wx cof. L, icgard being had to the figns of thc.quantfties, 

hn l L, tan t, cof. L , wheie the longitude will be macafed oi'dmimjhed, 
accoiding as this quantity is pojitive or negative. ' 

• * 

' 1084.^ Thefe expreffions agree with thofe in L'HiJiotre ckl' 4 cad. .dee Science. r,* 

1754. given by M. Euler, who firft difcoveiecfe, and explained the c*iufe of 
aujumition of the obliquity of the ecliptic. * ^ m 


' THE PLANETS, FROM THEIR MITTCT AL ATTRACTIONS 

1085. The following Table Contains the values of a for the lefpedtne 
planets,, according to oui determination j together with the place of the nodes 
of each, their fecular motions in longitude, and the inclination of their oibits, 
according to M. de la Lande. 


Pianets. 

' 9 

l”” 1 1 — 

Node in 1730. 

Secular Mot. 

Inclination. 

• 

<7 = 

"Mercury 

1’. 1 5 0 . 20'. 43" 

i°. 12'. 10" 

7 • • 0 • °- 

* IO" 

Venus 

2. 14 26. 18 

0 31. 40 

3 - 2 3 * ^35 

558 ’ 

Mars 

1. 17. 38 38 

0. 46 40 

1 31 0 

22 

Jupiter 

3 * 7 - 55 • 32 

0. 39. 30 

1 18. 56 

693 

Saturn 

3. 21. 32. 22 

0 55 - 3 ° 

; 

2. 29. 50 

34 

Georgian 

3 - 33 3 1 

* 

0. 46. 20 

1 

°>7 


The fecular motion of the nodes of the Georgian cannot yet be determined 
from obfervation. By theory, M. de la Grange makes' it 12". 30'"-, but 
M. de la Lande makes it 20". 40'" from taking a different quantity of matter 
for Venus. , ‘ ' r ’ J ‘ 


* 

On the Motion of the Equinoxes from the difurhing forces of the Planets upon’ 
the Earth’ • 

• 

*1086 By Article 1083 the motion of the equinoctial points 

upon the ecliptic m an hundred years at this time is, cot 23 0 28' x 
(10" x fin. 7 0 x cof 45 0 . €i'+ 558" x fin. 3 0 23', 5 x cof. 74 0 . 26'+22" x fin. 
i°. 31’ x cofi.47 0 . 38', 3 +693 "x fin. i°. ic/x cof. 97 0 33 ' ,5 + 34" x fin 2 0 . 30' 
x cof. m».*32'+o",7 x fin 46' x cof. 102°. 33') =. 1 7 ",4, which, being’ pofitive, 
fhows that the motipn of the equinoxes upon the ecliptic, from this caufe, is 
according to the order of the figns, and confequently by this quantity the lon- 
gitude of aH the ftars will be dimimfhed in 100 years at this time, independent 
°f a »^ iep cau ^ s - Hence' iLwe take the whole fecular preceffion to be 
1®. 23'. 43", as the motion of the equinoxes would be 17", 4 progieflive from 
the planets, the whole regreffion from the aftion of the fun and moon upon 
the earth muft.be i # . 2%'. a", 4. 


1087. To 
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1087 To^find the motion of the equinoxes from the fame caufe, for the 
firft century of this ana, wc have, fiom the fecular motion of" the nodes, the 
longitude of the node of Merntry at that time o 5 24 \ ‘53'. 53", of Venus 
I s . 29 0 47' 58", of Mai s j'. 4 0 27' 18", of Jnpiter 2' 21 0 4 2", of Saturn 
3 s ., 3 0 48'. 52 v , and taking the node of the Georgian the fame, we have the 
pieceffion in that centuiy = cot 23°. 36' x (10'' x fin. 7 0 x cof 2% a 54-' +£58" x 
fin. 3 0 . 23', 5 x cof 59” 4 f 8' + 42 " x fin. x°. 51' x cof. 34®. 27' +693" x fin. 1* 19' 
x cof 81°. 4^-3^" x fin. 2 0 30' x cof 93°. 49' + o", 7 x fin. 46° x cof. 102V33') 

= 47", which, being pofitive, /hows that tliG motion of the equinoxes, fiGni the 
attia£hon of the pl.fnets, was then piogrcffive, by that quantity. 

xo88. The pieceffion (1022, 1033) of the equinoxes from the fan and. 
moon, by difplacmg the equator, vanes as t}ie cofine of> the 'obliquity of the 
ecliptic, and. theieloie as the obliquity dimimlhes, the pieceffion mcreafes, 
this will incicafc the piccefiion about 9" l'n 1700 yeais, from this caule 
Theicfoic in |the fhfl xooycais of our sera,, the preceffion of, the equinoxes, 
fiom the aftlqri of the fun <pid moon, mult have been x°. 3,4'. 2", 4— 9''= 

1° 23'. 53", 4 j therefoie x° 23' 33",^ - 47"^ i°. 23'. 6", 4 the whole rCgieffion 
for that time. Hence, i° 23' 45"— i° 23' (>",4 = 3 8",6 the quantity by whi'fh_ ' 
the regicffion is fafler now in too yeais than it was in the fiift 100 yeais of 
oui sera In confequence of this, the tiopical year keeps decreafing , and this 
will continue till the place of the nodes of Jupiter and Venus, fiom which the 
pnnupal caufe antes, be got into fuch a fituation, that the difplacementl of the 
ecliptic and the equator togcihei produce a retarded pieceffion of the equi- 
noxes. The regieffion ot the equinodial points is (at the above late) filler 
•now by 0,386" in a year than it was at the beginning of oui ana, now the fun 
takes 9" to move ovei that fpace , hence, the tropical year is 9" Ihoitci now 
than it was about 1 700 yeais ago. The tropical year has therefoie deucaled 
at the mean rate of about half a Jecond in 100 yeais. M tie la Place makes 
the year fhorter now by 10", 33 than it was at the time of .Hipparchus, wl!o 
lived about 1950 yeais agb. Tliefe conclufions theiefoie agree very well. 

1089 This mcieafe of leg'reffion 38", 6 in 17 ages, gives 2", 27 foi cveiy 
100 years, fuppofing it to mcieafe unifoimly, and as it was i°. 23* 6", 4 in the 
lull century, by the addition of 2", 27 we get the pieceffion foi r exefy century 
tikei * *• 


, » 
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On the rati at ion of the Obliquity of the Ecliptic 


1090. By Xrt. 1083. I. the whole diminution of the obliquity of the 
ecliptic, at this time, in 100 years is 10" x fin 45 0 . 21'x fin. f+$$ 8 "x fin 
, 74 °- 2^' x fin - V- * 3'>5 + 22" x fin 47 0 . 38^5 x fin. 1°. 31' + 693" * fi n . gy\ 

55'^xfia. i°. i 9 '+3 4 "xfin. in 0 32'xfin 2 0 . 3 s'+ 0y fx fin. 102°. 33'* 
£n. ’46';= 49^,3 5; this conclufion agiees veiy well with obfervatior*s, from which 
it appears that at this time die obliquity dimmifhes at the rate of about 30" in 
100 %ears. , „ 

. 109!. Now allowing for the motion of the nodes of the planets, as in Art. 

1086. we have the fecular diminution for the firji year of our $ra= 10" x fin. 
24 0 . 34' x fin. 7 0 + 558" x fin 39 0 . 48' x fin 3 0 . 23', 5 + 22" x fin. 34- 27'x fin! 
i° S l '+ 6 93 " x fin- 8 1- 4' x fin i°. i 9 '+ 34 "xfin. 93° 49'x fin 2°. 3 o'-|-o,7" 
x fin 102 0 33 x fin. 46 ;=45",43, which is 3 ",92 lefs than in our age. We 
have heie fuppofed the inclination of the orbits to remain the fame. 

^ ^ 1092 The motion of the node of the ecliptic upon the orbit of any planet 

‘ — *the cotemporary variation of the inclination of the ecliptic, from the attraction 


of that planet (1081) • AV : AFxfm A x fin. rA (beciufe : 

veif. fin. TA t: iad. = i : fin. TA)~^A : fin. Axvek. fin. rA } hence, ,by 
taking the fluents, the motion of the node of the 'ecliptic upon the orbit of 
the planet ; the cotemporary variation of the inclination of the ecliptic from 
the time of coincidence of A and r :: Y A • fin, A x verf. fin. TA. Hence, 
when TA- 180 0 , the ratio becomes c : fin. A , c being one fourth of the cir’ 
cumference of a circle whofe radius is unity. Now the fecular, motion of the 
longitude of the node of each planet being known, the time in which .T A from 
nothing becomes 180 0 will be known, hence, the motion AF in. that time 
will be known, pqt that quantity = d, and we have the whole diminution of 
the obliquity of the ecliptic in the time the afeending node of a planet’s oibit 

dx fin. A 


inovfcs from Aries to Libra=.‘ 


Wbilft the node moves from Libra 


to Aries the obliquity will be increafed by the lame quantity. 1 Now the value 
c dx fin. A . »j. , „ • \ 

°» — 7 ~i — f ° r Mercnr l ~ 1 • 56 "; foi Venus -W 13'. n", foi Mah±i'. 44^ 

fo* =^30'. «4 1* and for Satmn = f. 4", the effed of the Georgian we 

.hare omit, as it would be extremely fmall. Hence, if all thefe could con r 
fpire they* woqld diminish the obliquity of the ecliptic i° 30' 37", but as 
this is not th§ cafe^ the diminution mufbbe lefs. The principal effbds are 

produced 


'on the motion op the planes of mi onv.rrs oi 


produced by Venus and Jupiter, now the afeendmg node of Venus would ha,, 
coincided with Anes about 8700 yeais before 1750, and that of Jupitei, 
years befoie, their effects therefou to duninifh the obltqhity’do not Wgm a: 
the fame time, and foi about the l ill 1200 yeais after the couk idem e of Ju- 
piter's node with Anes, the eilbtfl of Venus tended to inoie.de the mdinuiin. , 
an,d as the fecular motion of the nodes of Jupita is not much guuui than 
that of Venus, their efFeds will confpno foi a veiy conhdeiable pan oi tjji turn 
m which their nodes arcunoving tioni Anes to Libra. Now tin* whole dimi- 
nution fiom Venus andjupttei together is i° 43'. 152"; but we cannot iu tin 
as the limit of the sanation of the equator to the ecliptic, bevaufe this tali il- 
lation has been upoh fuppofition that the inclinations of the oilms of the planet . 
to the ecliptic remain the fame, wlteieas they aie lubjed to .1 vamti.m! I'li * 
limit of the variation of the obliquity will lx* greater than that wlm h wc has 0 
here given, becaule the inclinations of the mbits may be gieater than they an 
at prefent But a calculation (1078) of the vatiauons of ail the inclination, 
horn their mutual attradions, and their maxima and minima, anil thence the 
limit of the variation of the obliquity of the ecliptic to the equator, would lv 
too long to be hcie introduced. As the rate of variation of the mdinntinn 
appears now to be neaily uniform, it mufi have airivcd at it’s maximum , * o'i- 
fequently the inclination itfelf is now about it’s mean value, and .molding 
to M. de la Grange, the inclination of the ecliptic to the equatoi will nan 
vary more than f 23'hom the year 1700. (Mm. tie /’ 4 mU. fits, ihi .S,, Z 
1782). It is not tiue thcrefoie, what feme Authois have afleitid, that the 
ecliptic was formeily pcrpcndiculai to the equator; noi what othns hau al* 
ferted, that the obliquity wilt continue to be dmitmlhed till it uwuwhs with 
the equator; nor will the fmall alteration which ho?, taken place (torn ilw.ime 
of the Creation, account for the changes which Come have fuppokd the earth 
has undergone. • 


On the Variation of a Star's Latitude ami Luyttnde 

1093. Put A, £, C, D, E, F for the longitudes of the atcciiding' nod. ■> of 
Mercury, Venus , Mm Jupiter, Satin a ami the (»Va<;w« j m, ft, t, >, v, w jot tin 
inclinations of their orbits to the cchput , and a, b, c, d,t,f foi the n IpeCUvgsa- 
Iues of AV , then (1083, II. ) the v ariation of latitude from the joint died of ail j he 
planets -ax fin. m x co f. l-A+bx fin. n x co f. * fin. ? x cot. 

+dx fin. r x cof. /- JD+ e x fin. v x cof. /- i£-f-/xfin.wxcof. f F, Buttli's 
expreffion may be rendered more convenient, by fubflituting cof. A x cof" / -I- 

fin. 
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fin. A x fin. / for cof l-A> and making the like fubftitution for the other 
cofine|; hence, the variation of latitude = (ax fin. w x cof. J+h x fin. n x cof. 
i?+rxfin. rxcof. C+dx£m. jxcof Z>+£xfin. vxcof .E+yxfin. w x 
cof F) x cof.*/+(ax fin. m x fin. A-\-bx fin. «xfm. 5 +fxfin rxlin. C+i 
x fin. s x fin. D+ex fin vx fin. E+fx fin w x fin. F) x fin l Now if we 
take the values of thefe quantities as in the Table, "we have the variation of 
latitude for xoo years from 1750 = 7", 558 x cof. /+^ 49", 349 x fin. /. 

a 

j % j jl 

Ex. Thejcsngltude of Regulus on January 1, 1760, was 4*. 26®. 29'. 30" 
whofe fine =0,55205, cof = - 0,8838 ; hence, 7", 558 x, - 0,8828+49", 349 
, x o,55205=2o",56, the tncreafe of the ftai’s latitude in 100 years, the latitude 
of the ftar being nor tk. 

1094 If we make, the fame fubftitution for the pait of the vanation m 
longitude which is common to eveiy ftar (1083), we {hall have it’s value = 
7", 558 x fin. /- 49", 349 x cof / x tan 1 t. Now (1086) the longitude of all 
the ftars will be dimimihed 1 7", 4 from the motion of the equinoftial points, 
independent of the above, hence, the whole variation m longitude = 

7",558 x fin. /— 49",349 x cof. / x tan. r- 17" 4. This expreffion is for ftars 
of north latitude ; for fouth latitude, tan. t becomes negative. As the nodes are 
*not fixed, the values of thefe formulas will vary, and may be computed at any 
time, by affuming the places of the nodes at that time. 

Ex. The longitude of Regains on January 1, 1760, was 4*. 26° 29'. 30", 
whofe fine = 0,55205, cof. = — 0,8838, and latitude o° 27' 27" N. whofe tan- 
gent = 0,007985 , hence, 7", 558 x 0,55205 - 49", 349 x - 0,8838 x 0,00798? 

- I 7 "A ~°">377 ~ I 7' / >4= t >7", 023, tlie fcculai variation of the longitude of 
,R.egulus. 

* 

1095 If we want only to find how much the diflbiencc of the longitudes of 
two. ftais have varied, we may leave out that pait of the vauation common to 
all the ftq.fs, and only confute the variation belonging to each particular ftar. 

1096 The variations of the latitudes and longitudes of the ftais thus deter- 
mined, aie found® to agree very well with obfervations, Joy companng the lati- 
tudes and longitudes of the ftais as given by Ptolemy in his Catalogue, with 
the latitudes and longitudes obfcivcd at this time. 


/ 
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r Ex. The latitude of the flai hr 27 of tl c Gieat Bear is 54° 27', and thu 
oi 1 S 1 0 10. Di acorns is 8i°. 48', alfo. 


The longitude in 1700, 


Of The fn ft ftar 
Of the fecond 

Dill of Long c 


5 s 22 0 . 3-1' 
• • °-9 2 3 

. .,6 6 ^ 9 


Long at 1 he time of P 1 oLt m i „ 

Of the fit ft ftar . - 4 8 29 0 . 1,0' 

Of the fecond . . . x 1 ^8 o 

f 

r ^ — '>^,111 < 

DifT. of Long . . 6. 8/10 

r , ; 


Hence, the diffeiencc of the longitudes of thefe two ftars has decreafed 1°. 21' 
fincethe time of Ptolemy, and this agrees neaily with the above theoiy, by- 
computing the variation of the longitude of each ftar for the above inteivul oi 
time. 


1097. In the conftellation Auriga, at the time of Ptolemy the longitude 
of the ftar N°. 1. was n 25 0 . 36', and latitude 30° N., and in 1700 it’s lati- 
tude was 30°. 49' N The longitude of N° 12. was xr 19°. 50', and latitude^ 
8° 30' and 8° 51' at the above times. The formei latitude was therefore in- 
created 19' and the latter 21', which agrees very well with the theory. 


On the Motion of the Orbits of the Satellites of Jupiter, from their mutual 
durations. 

1098. The motion of the nodes of the fatellites are found in the fame man- 
ner as thofe of the primary planets, taking Jupiter for the central body, inftead' 
of the fun. 

To find the motion of the node of the fecond fatelhtc of Jupiter upon the 

orbit of the third, fiom the attraction of the third. Here 0,0000687 

(1073), a- 1, hence, in one revolution of the fecondjatellite, the motionjof 
it’s node =42^,38 6 , and conlidcnng 105 revolutions m^a year,.<-it*5 annual' 
motion is i°. 14'. - * ' - „ " 
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To find the motion of the nodes of the third fatelhte of Jupiter upon the * 

orbit ol the fecond, from the attraction of the fecond Here ~ = 0,000024 1 7, 

=*b hence, in one revolution of the thud fatelhte, the motion of it’s node 
= 23", 6 1 ; and confidering 51 revolutions in a year, it’s annual motion 
is 20', 4. 


' In ibis manner the motion of the nodes of all the fatellites upon the orbits 
of each other, from their mutual attractions, may be determined, gtanting the 
^quantity of matter m each to be rightly aflumed, and then'th'at motion (1077) 
*may be referred to the plane of Jupitei’s orbit. 

1099. But the nodes have a fuithei motion, anfing from the difluibmg force 
of the fun, which may be calculated in the fame mannei as the motion of the 
moon’s node has been But knowing the motion of the moon’s nodes, the 
motion of the nodes of the fatellu.es may be moie eafily found by Ait fot 
if p=the periodic time of the moon, P=that of the fun, p'=the pu iodic 
Time of a fatelhte of Jupiter, and P'=the time of the revolution of Jtipitei 
about the fun, M=the motion of the nodes of the moon, and m the cotem- 
porary motion of the nodes of the fatelhte , then ^ ^ M : m=M x 

P'xp' 

P'*xp‘ 


The mean annual motion of the moon’s nodes = 19° 19' (93 8), alio 
/= 27,32 days, ^=363,256, -foi the fecond fa telhte of Jupitci p' = s> 55 ^ 

abd P'=4332,6 , hence, *» = i 9 » 19' x x M 5 & 4" the mean 

43 3*> 6 x 2 7 > 3 2 

Annual motion of the node of the fecond latclhte of Jupiter upon the plane of 

Jupitei’s 01 bit Thus we may find the whole motion ol the nodes of all the 
fatelhtcs. <- 


t 

1 100. The quantities of mattei of the fatelhtes of Sfiium not having been 
determined, we cannot find the motion ol their nodes fiom then mutual ar 
motion*, but we can find tkeji motion aiding fiom the difiuibing foite of the 
lun,.m the fame manner as we find the motion of thofc of Jupiter. 
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<•«. ( i A MOTION 0*'' THE PLANES OP THE ORBITS OH 

I tic k Place, m his 5 Throve du Movement et de la Figure Fll/pt/pta 
<<'< Plarrcs, h is given the following theoiems foi the fecular inequalities, of the 
planets, 

r 

1401. Let a planet P be aded upon by another planet p, and let m be the 
quantity of matter in p, that of the fun being repiefented by unity , 

r ** 

r » 

a = the merfn diftance r of P fiom the fun, 

exa=th& excentncity of it’s orbit , ~ r -» 

L — the longitude 'of it’s aphelion at any given epoch , 
r =tlie longitude of it’s afeendmg node on a fixed plane at the fame epoch 3 - 
y =the inclination of it’s orbit upon the fame plane. 


And let a', e' x a', L\ F' and y' be the fame in refpedt to p‘, and let =»j 
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1x02. Let v be the number of revolutions of P fiom the given epoch, v 
being negative for any time hefote the epoch, then 

The increafe of the equation of the centei is , " ' 

0- r 

m x v x 360® x e‘x fin. L' — Lx cx 3 bn. 

(f* * 

S * * 

The mean motion of the aphelion according to 'the order of the figns is" 

* 

e f . _____ : 

mxvx 36o°x (J nc- i.- xcof. L- Lxcx ir+tf-^bn). 


The 
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The diminution of the inclination of the orbit upon the fixed plane is 

• * — — , 

4 vx 26o 0 xnc¥'x fin r' — r. 

4 

The'retrograde motion of the node upon the fixed plane is 


\ $ m x v x 360° x nc x 1 x cof.T 7 - r. 

% *y 

1 * 

» ^ , * 

If we thus colled! the effedts of all the planets upon P, the fum will give the 

whole variation of the elements of the orbit of P. But’thefe foimulse only 
Terve for a limited time from the given epoch. 

1103. If we fix upon the year 1700 for the epoch, we {lull have, 
l mxvx 360* x ncy'x fin. T' 

* f&ir the diminution of the obliquity of the ecliptic, produced by the aftion of p 
upon the eai th , v being the number of revolutions of the eai tli from 1 700, 

• 3/ the inclination of the orbit of the planet p upon the ecliptic, and r' the 
longitude of the afeendmg node. The fum of all the diminutions from all the 
planets will give the whole diminution. When r' is greater than i 2 o°, which 
it is not at prefent for any of the planets, the fin. r' becomes negative, and 
die obliquity will then be increafed by that planet 

xi 04. Hence, by colle&mg the effedts of all the planets, if v be the number 
of years after 1700, the whole diminution will be the difference between 
932", 36 and 932", 56 x cof 17", 7686V- 3140", 34 x fin 3 2",8 4 i2u, fuppofing 
the vauation at this time to be 50" in 100 yeais. For any number of years 
before 1 700, the fign of the fecond term mufl be changed 

1103. Ifi like manner, all the planets together will produce a prcceffion of 1 
the equinoxes equal to 5Q?»53353* - 3292^2.8 fin 1 7^7686 v - 93 1 5", 63 cof. 
32", 841 2 v d- 9 3 1 m v^ears after 1700, for any time before, the fign of v 

becomes jftgatjve. The inequality of the preceffion of the equinoxes changes 
the fecular motion of the fun in refpedt to the equinoxes, this motion is 46' 
in this age, but it was 45' 23" in the beginning of our seta Hence, the place 
of the fu n , calculated^ ith the uniform fecular motion of 46', as m our Tables, 
wilTiequirc * locular cquviaq, And this fecular motion of the fun gives, for 
tSe ancreafe of the yeai hy going back fiom 1700, 3 6",u 4 x fin 3 2 /, ,8 4 i2v 

+ 6 V >39 * cof 1 7^7686 v- 6", 9039. Hence, at the time of Hifparchus 
the year was about 10^33 longei than at this time (1088). 
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CHAP. XXXVII. 


ON TIIE EFFECTS PRODUCED ON THE MOTIONS OF THE PLANETS -IN 
THE PLANES «F THEIR ORBITS, FROM THEIR MUTUAL ATTRACT IONS. 


Ait. 1 106. T ET S be the center of force, PM the orbit of a body dcfcubed ' 
by virtue of two forces, one (/) tending from the body at P 
in the duedion PS, and the other (F) ading in a diredion Pw peipendicuUi 
to PS. Let S^be a line given in pofition, draw PA petpendiculai to S 
and complete the parallelogram PASV, and diaw Fr, At perpendicular to PS 
Of the whole force ading on P, let M be that part whichads in the duedion 
PA, and m the pait admg in the direction PV-, alfo, let r=PS, p = PA 4 
q = PV, t = the fluxion of the time, <y = the angle PS *;= it’s, fine, y = itV 
cofine, then .M> = that pait of the foice M which ads in the diredion PS, 
and my = that pait of the foice y which ads in the fame duedion ; hence,, 
Mx+my=fi alfo, My=i hat pait of the force M which ads in a duedion 
parallel to tA, and tnx= that pait of the force m which ads in a dnedion pa- 
ullel to rV, hence, mx-My = F. Now by the principles of motion*, 
P~ — Mt z , and q — —mt z , the fluxion of the time being conftant. But 
p—rx, and q — ry, and as x=yv, and y~ —xv, we have, 

p=xr + ryv, 

, (A) p = xr + 2yrv+ryv-rxv z = —Mt z , - 

\ 

y—yr—rxv, 

(j?) q=yr— ZXtV-rxV -ryv ‘ js — /,;£*• 


. ivuutipiji 


that force Tt rrf w Tr Vd ° Clty Wh “ h ** hody W0llId acc l mie ln 

Z^JZ l ^ filU10n L 0f *** f P ace defcrlbed “ « g^en time * with that velocity', then if we 
mealuie the velocity . by the ipace defenbed uniformly in i", we have i" t <v j- vf 

thetefom , =d=*v 5 but. vanes asFxr, let before . = Fxt ?, and , .. ~ 



ob *jir effects produced by the motions of the teene rs, &c . 

Mulnpl; ( 1) b y j, and IB) by *,'and fubuaft the latter from the forme, 
we get. . 

m 

» ( c ) z*v+rv=s -t*xM7^~m)c==Ft\ 

% 

Multiplj (A) ’by x and ( B ) by y and add them togethci, and we get 

_ 1 fr ^ 


and 


J . . r—rv 1 = — /*x Mx+my— —fi » -or 

(D) tv l -r=Ff\ 

* 

From the equations (C) and (D), the curie PM defenbed by the body 
P may be found. Thefe flmconal equations are the fame as thofc deter 
mined by Clairaut, Euler and Mayer, m tlieir Tieatites upon the 
tteor/ of the moon the mtegution of uth.ch is a problem of great difficulty- 
and as , the fit ft of thefe Audio, s has proceeded m a manno, the moil cafy to 
undei flood by the geneiality ot readcs, I Hull hero cntei into a very full „ 

* pb nation of all his principles of invert lgalion. 1 

noj. Let the foi ce f confilt of two parts, one of which = ~~ } Q being a 
conflant quant, I ty, a nd the other =£>; or let/- £+JD; then t rv +rv = 

Fr,vid rv‘-r=^+Dxi\ Multiply the fiifl of thefe equations by 

* 2 > ¥ t * 1 ) -J- r a ^ 

aad we get = Frt\ whole fluent (/ being conflant) is 

« being a conflant quantity. Mult, ply this equation by F, i, and we have Ft ^ 
MFrt+Frtxffrt, whole fluent is f Fr'v >=<,/& t+\/F ) t ' multiolv 
this by 2, and add a % to both Tides, and it becomes a z + zj F^v^a 7 + 2afFa 

lfht\ whofe fquaie root. is </a*TT/~Wv~ a+/. Frt. Hence, - 
confequcntly / = = (if « put r=-^?] 

’ . ^ . m a ) 

a y/^+ 2 f? * *• * * 

* • * * 

, ' 1108. Let 

theny ~ Frt ' therefoie ^= ** *’/?>*’ and the fluent = 


167 
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C 


No vs 


1108. Let us next take the other equ- tion r v'-> = - t h $> > < 

this equation, t is conftant and r Tillable, but it is well known, that in a 
fluxional equation of the fccond order, where r is vanable and t «-onilj,nt, that 


; n 


if we fubftitute - — for r, the equation will be clanged into one in which 

conftant and? variable v if therefore for r we fubftitute r- T ~j , tho . qmth-fjj will 

be changed into one m which r and / are both variable. If therefor fubftitute 

r- — for r in the above equation, it becomes rv z - r+j- = ■p {-*£) x t' t 

m which equation we may affume r or t conftant, as it may b e foun d com e- 

r'v . r . zrrv x a x i + ze~ Jr've 

But (“°7> *'“ lef0le '* 777TTi77?+T' \ 

r 6 ■ i. i n . .i r • * *. . 2 T 


rt z f' 

hence, J= — ~ l+ze 


; by fubftitution theiefore we get rv'-r\ 


y+DxrV 

. divide both fides by t'v\ and tranlpole , 

i+ze ~ a'xi+ze 1 + 2e * 


t e 


1 _ll C+i>r l H- 


a're 


and we get - 

• / 


r'v z 


zr 


V 


a' x i + ze 
a're 


Now - - ~ = flux. 4 ; . 

*• ^-3 y<X w 


put alfo i + P = 
Dr' , PVt 

I+ ir + 


, P)r 4 

1 ^ C + Cr'v' fFr*v , . , *FV*‘l 5 ') 

— = (as e — J — — , and therefore e ~ — - ’■ 


I +2fi 


1 4* zt 


and then P 


Dr' - JFrr 

— + t 5 - “ 

I + 2 £ 


J 


, hence, by fubftitution 


we get ~ - 

£_ 

Cr 


flux. p z 




C <? n > , r, 

= Ji x I f fl, oi I — ( £*>+ q * flux. # p +P — 3 


a' , aV , .(? a r C • * n ? 

put i- p- r -s, thgn l= £- £ , and j = ~ x flux. pr ^ x s - A ux - p> 


s 

hence, the equation becomes j+^ a + P=o. 


• • 


J109. To find the fluent of this fluxional equation i+- 1 't^ s M 1 P“ 

pofingP=cof. mv, or of r+ --* + cof mv-o. Multiply it by cof. vxv, 

* and 


4 



THE PLANES OF THEIR ORJITS, FROM THEIR MUTUAL ATTRACTIONS. 

and it becomes — ■ H-r x Cof. v x v -f cof. mv x coi. v x v~o ; now the* 

fluent" of die two firft terms is cof. vx ~+sx fin. v*-- s alfo, cof. mv x cof v 

x 4 z) = |.cof.' m + i .vx v + | .cof m-i.vxv, whofe fluent is — 

^ ' 2 . H* +T 

x §n. m+T. v+-^-===^ x fin. »- i.v, but fin-^+7 • -u = fin. m/xcof.v 

4 + vxcof *»u, and lin. »?— i . v=fin. wuxCof. v-fin. vxcof. wv, 

liense, tbe laft quantity becomes — x fin. mv x cof v+ — 1 " ■ * a n 

2.m+i 

v x cof mv + —===== ^ fin. mv x cof v - *- ^ — ~ x fin vx cof mv= JH 

x fin. at) x cof. v - x fin. v x cof mv , the whole fluent tiierefore be- 

comes, cof. vx~ +sx fin. v-\ s x fin, mv x cof. x fin v * 

V m - I v x 

' - • 

-cof mv=g, a coriedhon. Multiply t'he laft equation by - - Z and 

col. p 1 5 

• it becomes -4— + 44fL + «. fin - x v i 

1 , cof v cof u 1 ^ «*- 1 ^3fTv ’ * 

fin v x cof wu xv • *6 - . , 

n0W the fluentof two firft quantities is 

5Tv 5 f ° r lf thls q uantit y be P u t >nto fluxions it will be found to give thofe 

terms, alfo, the fluent of the two next terms is ~ — x C -°^ mHj for if rhi<? 

.^quantity be put into fluxions it will pioduce thofe two teims, but this laft will 
want a coireduon, becaufe, when v = o s it becomes ^ — , thercfoie that 


m i 


, pm of tU fluent cotreaei is - _i_ x , l jftly> . flllen , rf 


■* F« ,xfm „ „ ^L22i + 5f-; x i + Sn 


%cof y 


~ - fin ' « *' +*» „x, + , X cof «,= *2LZ*i + t xcof « X bu.uite 

<-ol ^ — fin vx,v, and fin. v = cof vXv Heic v u, fuppofed confLint, as w tk laft Ait. 

Voi II* Y 


I 
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ON THE EFFECTS PRODUCED ON THE MOTIONS OF THE PLANETS IN 

r 

- * v — —o' x tan v * ; hence, the fluent b&comes — r— 4 — 1 

* X rn< <?> 6 COl. V m l - I 


OT*- I 


c r ** 

x c 3~J^-—p x tan. v—c, a corredhon , conlequently s-j> x fin. v—cx cof. v 
cof. V * *■ 

4- — x cof. v x cof. mv=o, the two laft terms of which arolc 

r'-i m~ 1 

from the value of P, that is, fiom intioducing the difturbmg foices D a'nd F, 

without which, the whole r foice would have varied inver/cly as the fquare of 

the diftance or the body from the center of force, and the orbit defended • 

wouMhave been an elhpfe about the center of force in it’s focus*. Hence, if 

inftead of affuming P = cof. mv, we affume P=a' x cof mv+b'x cof. nv-t See. 

cf a 2, a ' 

and for s we fubftitute 1 — ^r, we obtain — = 1 - £ x fin v—(t- 

V a . , «' V 

— &C ) X cof. V - 


m % — 1 


x cof mv — 


- n »_ x xcof.«*y-&c.=o, which is 

c 

the equation of the curve defcribed by the two forces -~+D and F, the former 

tending to the center of force, and the latter adting in a duedhon perpendicular 
to the radius vedtor, upon the above fuppofition for the value of P, whichr 
iuppofition is always applicable in the cafe of the planets. 

mo. It has been proved (868) that if r be equal to the radius vedtor from* 
the focus of an elliple whofe femi-parameter is equal to p, c equal the diftance 
of the focus from the center divided by the femi-axis major, and v equal to 

the true anomaly, then r = - £ — ? — , therefore ^-i-cxcoC.v. 

But if we eftimare the motion of the body from fome other point B inftead 
of A , and put the angle BEM=v, and BEA=m , then AEM^v-nty 

and we muft put v- m inftead of v, hence, £ = 1 - c x cof. ~v^7n = 1 - e x* 

. ^ r 

cot. v x coll J»+iin. vx fin m = (if h— t x cof m, k = c x fin, m) x-h x 

r % 

cof. v - k x £n. v. It appears theiefore, that the p?rt ^-= 1 - p-x fin. v~ex ’ 

Cr * r 

cof. v of the equation of the curve in the laft Article, exprefles an e*lip{e, whofe 
femi-parameter is -g , defcribed by the force ~ . The fecond part therefore 
expreffes the alteration ariling from the difturbing forces'"!) 'and F. r And^i f 


• For — ten _ ~ y -2 ■ — - - V — r-2 — « 

r ““ -.4— cof <v x tan, v , therefore zz t<fh. 

tec, cof. v 
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weeftimate the motion from A, g—o, or that corredion (1109) will be un-- 
neceffSiy, and" the equation (putting p = g the' femi-parameter) becomes 


P t a 
r K m — 1 
cof. np — &c. ' 


a 1 — 1 


— &c ) x cof. v — 


m l — 1 


x cof. mv — 


¥ 

a*— 1 


kiii. The equation of the ellipfe which wcflild have been defcnbed 

'without the xhfturbing forces is - = ~ - - x cof. v, where c = the excen- 

r p p 

tricity divided by the femi-axis major, and p=the femi-pararfleter, and if we 

/ T I 


x cof. mv— 


¥ 


a - 1 


• x cof. 


w 


put u — c- -A- &c and i x ( — 

r m z —i a* — 1 p v m'-i 

nv-Sxc.)=S, the equation of the orbit defcnbed by P becomes * = i _ 

r p p 

1 T tl 

x cof. v + S, where ~=~~~ x cof. v is the equation of a new ellipfe. 

Hence, the ellipfe which would have been defcnbed without the diftuibmg 
forces is changed into another ellipfe very neaily, the deviation from an ellipfe 
being only that which arifes from the fmall quantity S, The effed therefore 
.of the difturbing forces is to altei the excentncity of the ellipfe, to change the 
mean diftance, and to caufe a fmall altei ation in this new ellipfe, the dimen- 
fions of which rauft be found from obfervations. 


iiiz. If at the fame time that the planet defcribes the angle v, the apfide 
defgribe the angle v-mv, then the motion of the planet in lefped to the 
apfide=»w, and the true anomaly of the planet in this moveable elhp fe=mv, 

therefore the equation of the moveable ellipfe is - = ^ — ^xcof mv. Hence, 

t d d 

*as the apfides of the oibits of the planets aie moveable, we mull alfume 
i x r w m 

N - = 2 — c °f- mv > when we determine the value of P, d being half the 
parametei ,.and w=the excentncity divided by the femi-axis major 

1 1 1 3: leaving determined the value of r from the general equation of the 
curve, wc can get the time, for t - — r J° , now ~^p the femi-paiameter, 

. .a y/i -i-ze L r * 

ai*d let us'Tuppofe*C= 1 j then the orbit being fuppofed to have but a fmall 
-CFCentncity, and the mean chftance being alTumed= i, we may iuppofe p— i-> 

~ Y 1 *0 I _ 

hetice, a=i. Therefore t- ^ — =r’v x T+ITj ~ r =t*vx i - 1', neg- 
ledmg the other terms of the fenes. 
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u 4 B> the property of the elhpfc (1112), r _- 1 - ^xcoi M v, oraflum.au 

^ =I > - = 1 - wx cof. mv+S, S being the coircdhon of ~ framlhc difhnbing 

forces (iii 1 ). Put 1 —w x cof mv = l, then r t = I~+ 7 \~* = /-* - 2 /~3 S> 
negleding the other term s , but /-• = 1 - wx col. 1 +awxcoT ta 

and /~ 3 = 1 — wxcof ^'-3 = 1 + S wx cof » v , hence,<‘=i+2wxcof.nm- 
-2S-6wS x cof. mv , fubftitute this value of # 1 into i = r*vx 7 ^ 7 , and'vve * * 
obtauv /= (1 4-^2 wx cof w- 25 - 6 wS x cof. «v) *y x 1 - (? = xi 4- 2 7u ,< 
cof.fflvxti- 2S xv~ 6 wSxcof wxtJ-^-awxcof »vxv, ne|>L$tnv* 
thofe terras where the pioduft of the two fraall quantities S and e enter Now ' 
the two firft terms are independent of e and 5 , and thcrefoic we have nothin- 
to do with them in our prefent enquiry, which is only to find the equations 
arifing from the difluibing forces; but the other terms, depending upon and 
S, anfe from the difturbing faces, therefore the lequucd coireftion of the 
nr ^'°" °, f * e tUne » - »$+« x w - 2 w x 3 $ + * x cof »v x *>. Now il the 
we fh^M t f C ‘ rde ’ and there Iiad becn no tJiftuibmg foray • 

M 1 W< \ * ~ V> and / = v ’ and tbe m °tion being unifoim 

woud have been the mean longitude, and t being heio conftanr ) * 

muft alfo expiefs the mean longitude of the body A Ut tl TXo' 

“ find tlle true P kco of body, filft CO! red the mean lomtudj |» 
™ (222)> “* *“ ** *• fl'-t of -H+,: , 

excentrictty be veiy fmall, for the coition we may in I t 
- 2 $ + exV with it’s fign dunged. 3 “ UUlt 

1115 The quantities lieie found are in tcims of the radius , r . 

unity, and as an aic of «» 2 q« 8 ,« Pnni i , , 1S lu Pl Mlfwl fo . 

Ufl Auide muft be mult.pl cd by o-, ,o 5 8 0 0 , ie 'to’, ^ 

eanh. d» («„ £ =the Wi& o n of * to S , and M ^ ^ - 

r '* 

Of 
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of-fi to P, complete the parallelogram PSEW, and pul 2= the angle PSE. 
The attfadion of£ toS = -~p 3 the attiadion of E to P = , and the at- 

tiadion T>f S to P = -^, and by the refolution of foices, EP . ES — 
OP . EP 1 

Mx ES 4 

: ■ ■ Bm *-=the foice of E to P in the dnedion ES, and EP EW, oi SP , :: 

• . * 5 ” 

• Mx SP 

EP* *~~EP*» • t ^ ie P ait t ^ ie ^ orce E to P which* ads in a cluedion pa- 
rallel Vb'SP, therefore "gp-f- - = the diftuibing force of P upon P m 

a diredion paialhl to SP, or EIF, and this foice, tending to diaw E from S , 
mull be wntten negative , and lefolving this force into two others, one in the 

dnedion SE and the othei peipendicular to it, we have F=— \ — x ~ 

L EP 3 

M h 

~ j x fin 2 = the foice which ads perpendicularly to SE , 

this enuft be written with a contrary fign, or -f- , when the body attrading 

is neaiefl to the fun, becaufo it thep ads in an oppofite diredion, alfo, 

CMxSP M" \ r , r , . ' 

"* ^ gp 3 gpz j x col. z = the force which ads in the diredion ES ; 

, n Mx ES f Mx SP M'S 

bencc, D — gy 3 - ^ ~gp 3 SP 1 J x co ^’ z ~ t ^ e diflurbmg 

force in the dnedion of the udius The value of c is f Fi it l\ a beino 

J 3 


unity (1 1 13) , allb, P 


X Err 
C H " Cv 


zc 


‘iU 


•. aud as e is a veiy fmall quaiv 


JE) y a P t T 

f, *y» we ma y p = ~ 4 -*^; -af, and as wc aflu>ut the lum.ol 

the lnalles of the fun and body attraded = 1. we base C-t, and rhuetu-e 
P-Dt' +*” -ze ' * 

• <7? . 






l fence, 


ON THE EFFECTS PRODUCED ON THE MOTIONS OF THF PLANET* IN 


Hence, we have thefe four equations, 

^_MxES f MxSP M' 1 
D ~ EP 3 l~Ep SP * J xco1 

r r mxsp jvf ' i . 

- l £P y J x ^ 1U * iy * 

' e — / Fr*v. 


% 

« 


P=Dr*+^X- - ze. 

V 


1 1 17. Let £ be at ^ the higher apfide in conjun&ion with P at j?, anti z = 
the angle ESP of elongation, v=j 4 SE, and let the planet P defcribe ,1 circle 
and E an ellipfe whofe center of foice is S and the other focus c, and let 1 
be to 1 as the mean motion of the planet P to the mean motion of the cauh & 
or the body attracted, bifed SC m 0 , and let , 40 = 1. As the motion of 
the earth’s apogee is very fmall, we may, for our prefent purpofe, conlider it as 

tod, and putting »=SO, we toe, I = I - “ * cof. v Now the mL 

motion is very nearly (227) about the point and znxfm.v^cE, which 
meafures the angle cES, hence, EcA=v+iuxfm. v; thercfoie v-z • 

Sa! 11 '/ ” and ai=av- 2#x 1 - «x fin. v. If the diffusing 

planet be infeiior, and it s mean motion be to that of the catfh as.i + » : z 
then z—nv-]-zux 1 +wx fin. v. * • * 

*• 

We proceed now to the application of thefe principles * 
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On tJie Equations of the Earth’s Motion produced by the Action of Jupiter. 

* 

1118, Put EP=s, SP=b, SE=r, and draw Eu -> perpendicular to SP; 
then^«$2t„=rx cof. z; hence, s/P+r'-zbrx cof. z, put a^rxcof z 
and we have^r= alfo, 

* . .. ’ 

n _Mr [Mb M~\ . 

l-jr-j* ) xcotz. 

F= - I™ *1 x fin. z. 


L 

r = fFr’v. 


b* J 


Frr 

P=Dr*+---ze. 

v 


* 

* 

Now — = f==r r =sb* — i\ ~ 3 == £. 4 4 \SL 4. Hill 1 HLAll , & 

J 3 b*-i)* b 3 T T 8 b 1 + i6£* + ri8j Ti + &c * 

fubftnure foi l it’s value zbrx cof. z-r % , and for cof 2% cof z 3 , cof z 4 , & c . 
put i + i cof 2 2, % cof 2+1 cof 32, |+i cof 2z+| cof 4 z, &c. and we 

get 7 = -¥ + FfP + T^F' + (h + tf) x cof * z+ C^F + 1 rif) 

cof 2Z+ ~^j 6 x cof. 32 + ^ 7 - x cof. 42+&C. which we might put under 

the general form J-pB cof. z + C cof 2Z+D cof. 3Z+&C. The value of 

ji being obtained, fubftitilte it for it’s value in the expieffion for £>, and we 

1 <* 

get the feCond, part of D xcof 2 ^ =Mx + gHf?) 

*&*+.($ + '$) xcof * xcof. *+ (^!+ 4^/xcof. Iz X 

cof ^ + x cof 32 x cof 2* + x cof. 42 x cof z^ j fubftitute for 

cof. ssxcof! z, cof. 2 z x cof. z, cof. 3 2 x cof 2, and cof 42 xcof 2 their 
- * values, , 
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values *, anJwe get x coCz=Mx + 7^ + (£, + 

£) - •+ (& + «*«■•- C# + g£) - j- + 

xcof. 424 - ^~|^s xCof ’ this we mU ^ ^ ubtra(a flom tbe above 
value of multiplied by Mr, and we have D — Mx C r ~ r-r r + 

S* ,, \ r 2 (> S l 6 £* ^ 64 ^. 

( 9 r* i$£) of r z _(v: + l?5 rS ) xco f 2Z Y 1 .^* ,,1 

V gF + 64W, 2 + 4^ i6tJ 7 / x C01 22 K zF + ilg?; 

. /sfir 3 3i? ,s \ r 31a 4 - \ <■> 

X cof. 3 Z - (^? ~ ’64^ / x cof ’ 42- T^8T 6 x co ^* 52 y ' 


1119. The value of .F is — (^~r — x 2 > which is equal to the 

above value of — ^r)x cof 2 multiplied by —fin 2 and divided by 
cof. *, hence, F= -Mx ((^ + x fin. *+ (J£ + x cof a. 

x fin. 2 4 - + 7^-) x cof 22 x fm * 2 + ^jr X cof 32 X fin 2 +, 

"IO 4 N ' " 

^^j-xcof 42 x fin zj, fubflitute for cof 2 x fin 2, cof 22 x fin. 2, cof. 

% 

32 x fin. 2 and cof. 42 x fin. 2, then: values t, and we get F= - Mx ( (— 

Zb* 

+ 1 $) * r “ z+ (iT' + If) * fin - 22+ (w + a>) =< fi » 3*+^ 

2 xtr* \ - “ 

x fin. 42+ x fin. 52 \ . The values of D and F being determined, 

we {hall know the value of P , hence, we obtain S (1 1 12), “and thence (1 1 14) 
the correction required. 

1120. To find the values of the powers of r in terms of v On account of 
the fmall excentricity of the eaith’s oibfi, we may negled all tht. powers of u 
above the fiift, and from the How motion of the apogee, we riiay fuppofe 

it 

* B y Tugonometiy, cof ^Xcof B - * cof Tfl-t- i cof FFJb hence; <R>f a xcof. « 

* cof. a*b cof a a x cof. * = \ cof 3 «+ \ cof. a, cof^'a^cof z~ i cof. 4a ; cof as,, 
and cof 4a x cof. a =: J cof. 5 a+£ cof. 3 a. [ *' K 

f By Trigonometry, cof ^xfin. B - \ fin 7 / + 5 — ’ fm A'- B, hence, cof ax no. 

’fin aa , cof. asxfin * = fin 3 a - i fm. a,. cof. 3»xfin z'— J fin ±z — \ fm aa, and 
cof 4 a xfin. z = -1 fra 5 a — . £ fin. 3 a. 
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it fixed; hence (mi), - = - — - cof. v is the equation fiom winch we ’ 

* 14 r 

muft deduce r, therefore - =*i + »x cof v, in which the femi-parameter p 

and excentricity » aie known fiom obfeivation , there(oie = i + itt x cof v 
' p » ’ 

r 3 % 

•p f i'+3»x cof. v , &c. and by taking the fluxion of the firfl; of theft, we 

"h / - 

have = «--» x fin. v. 

p ie v 

* 

- itii. To find the value of fin z, fin. zz, cof z , cof. 2s, in terms of v ■ 
for, in this cafe, it will not be neceflary to go any farther in the values of D 
(i 1 1 8) and F (1119) As z-nv- zux fin 1 - n x fin v (1117), we have 
by Tngonometiy, confideung the cofine of the laftteim = i, and the lean 
itfelf=to it’s fine on account of it’s fmallnefs, 

fin. z = fin. nv — 1 — nx fin n + 1 x v + t< x 1 — n x fin. 11 — 1 x v, 

cof. z — cof. nv- u x 1 -n x cof. n+ 1 xv+ u x 1 - « x cof x v, 
fin. zz— fin zttv — ■ 2 k.x 1 — nx fin. zn-\-ixv-\-zux x — nx fin. in — 1 x v, 

• cof. zz=c of. znv-zux 1 -«x cof. 2« + r x v+22/x x - ax cof. "zn-i x v. 


jiizz Let us alfume M = , according to Sir I Newton, the mafs 

of the fun being unity, which we may confidei as the mafs of the fun and 
earth, on account of the extreme fmallnefs of the earth in refpeft to the fun , 

and, by obfervation, the value- of ~ =0,192451 ; theiefore ^ = 0,0071264, 

V _ > 1 j- 

7 *~ ° >ooi 37 i 43 = 0,0002639, js = 0,0000508, p = 0,00000977, &c. 


’alfo,. i-n- , ‘therefore «= 0,91 5659, and « = 0,01683, confe- 

quently *_ 1 = - 0,0843, s + isri, 91^66, 2«- 1=0,8313 

and 27/+ 1 = 2,83 1 3 Alfo, we aflfume r = 1, it’s mean value. 

* • 

1 *i 2^ Tp find die va],u$ of ? = / .Fr 3 ^. We have (1119) Fr 3 =- Mx 

(^(^4 "*"*64^) x *" in- + §p) x fin. 22^ = -Mx 0,0005262 x 

fin. z - My. 9,0108545 x fin, 22. Now fot fin. z and fin. zz, fubflitule their 
VoL - n - Z values 
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values found in Ait. 1121 neglecting the tcipis- ux i - Ti x fin * 7+7 x v and 

— ivy i -/ix fin mi- i U', becaufe, when the fluent is taken, the denomi- 

mtois will be fo Luge as to lendei the teims too finall foi confideration * This 

tubtiitut'on being nude, and fubflitutmg alio for M it’s \alue, -we have, altei 

taking the fluent, f * 

1 * 

e - 0,00000053s 36 xcof. nvi- 0,000005555 x cof. 2 nv- 0,0000002474 

- cof ~ - 1 xc’f o, 0000004457 x cof in— 1 x v. t „ 

1124. To find the value of D>* The fiifl term M x ^ - ~- 3 — 4- 

« 

" in the value of D (1118) not being multiplied into the fine 01 cofine 

of z, may be heie neglcCted, it not being a vanable quantity depending on 
the place of the body, but only a conftant part of the whole foice of the eaith 
to the fun, and we aic hue coufidcring only the vanable quantities which pro- 
duce the inegularmes of the eaith’s motion in different paits of it’s oibit. We 
have theiefoie only to multiply the next two terms of the value of D into 

f 9 >* , 7 P_ 4 ') x co f z-Mx f IT + 
l8P + 6 4 /> 6 J * C ° U^ 3 + 4^ s 

x cof iz-- - M x 0,0016023 x cof z-Mx 0,019554 x cof zz,' fubfhtu(e* 
foi M it’s value, and for cof. z and cof 22: their values found in Art 1121. 
neglecting - ux 1 ~ n x cof. u + i x v and -mx 1 - n x cof. 2;/+ 1 x p, 
on account oi then fraall 1 effects, and we get (for our piefent puipofc) the 
value of * 

« • 

Dr % — -0,0000015017 cof. nv- 0,000010267 cof. 2 nv - 0,00000005.265 
cof. n— ix v — 0,000000289 cof. 2 n—ixv. •, 


and we obtain — Mx 


• 7 

1 o q? s 

" "16^ J 


Frr 


rr 


1125 To find the value of^-^-. Afluming p — 1, we have (ixzo)\ 

~ * 

F w fa t * 1 c t ^ * 

- u x fin. v, hence, — —M x + g^ 6 j x fin. z x «»x lift. v+ikf 

x + j^s j x fin. 2Z x » x fin. v, now for fin. z and fin. zz fubflijute 

* ^ t • 

their values found in Art. 1121 and here all the terms which -arife # wiU*be 
found fo extremely finall that they might be all omitted , one of the piindfpif 
of the terms, however, +0,0000000848 cof. 2»-i x,v (arifing from* the 

* - fubftitution 
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fubilitution of the term z ux 1 -*#x fin. zn — 1 .v in the value of fin. zz) of 
the fame fpecies as one of thofe above, we fhall retain , we theiefore aflume 

’ Frr o o r 

♦ -^-=0,0000000848 cof. zn - x xv. 

% 

* 

• * I?TY 

*iz 6 . The value.ofP is (1x18) Dr a + ze\ by fubflitution thciefoie 

* -» 
from*the three* laft Articles, we get 

4 * 

Paz — 0,0000025788 cof. nv — 0,00002 1377 c °£ 2 . iiv + 0,00000044215 
cof, n— ix v — 0,0000010956 cof zn— 1 x v. 

Thus it appears, that P is expreffed by a fenes of cofines of the multiples 
of v (1109) 


1127. Aflumingp=i, if P—a' x cof. mv-\-b' x cof + & c then 5 = 

•~'u f b f 

— — x cof mv — ; x cof nv- See. (iiii)j from the above value of P 

m — 1 n — 1 v 

• therefore we obtain the correfponding value of 


S= —0,00001597 cof nv + 0,000009008 1 cof. znv 4 0,0000004453 cof. 
x w— 0,000003548 cof zn - i xv. 


1x28, The coiredhon of the expreflion for the time (11 14) is the fluent of 
— zS+e x v— 2 w x 3 S + e x& , fubftitute therefore for S and e their values 
v ibove found, and take the fluent, retaining thofe teims only winch are of the 
fame fpecics as thpfe we have hitheito letained, and neglefhng the otheis as 

being extremely fmall, and we get the cm > eShon of the time 

* 

=■ o,oqoo 3 4.29 fi 1 ?- flv ~ 0,0000x295 f ul " tLnv — 0,00000194 fin 11- 1 x s' 

+ 0,00000735 fin zn— 1 x v. , 

• ' *’ 

• *i 1 29* IJy Ait. 4,114. the coneChon of the mean longitude, fo far as regauls 
^ the cMturbmg ibices, *s *t]^e above collection of the time with it’s fign 
‘changed^ which concCkon is in teuns of the true longitude , but hpre foi 
the true longitude we may fubflilutc the mean, without pioducing any lenfible 
^ • x 2 earn , 
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eiror; if therefore x reptefent the mean longitude of the earth, we Lave the 
correction of the mean longitude 

<r 

= -0,00003429 fin 7 /.v -f 0,00001293 2 nx+ o.ooooox 94 fin. * 

v — 0,00000733 fin zn— 1 xx. < 

r 

C 

Thc m ea n motion of Jupitci • that of the earth • i-u • t\ ot as 
' -ax x .V r hence, »# = the mean longitude of the ea r ith - that of Jupiei — 
which put = v If therefoie (1 1 15) we multiply each of the ™ -efficients by 
57 0 , 29578, we get the equations of the mean motion of the earth arifmg fom the 
aCtion of Jiipita *• 

r 

= - 7", 1 x fin. y + 2", 7 x fin. 2jy+o", 4 x fin x fin 


1131. In the foiegoing folution, we have fuppofed the orbit of Jupitei to 
be a circle, and confequently b was conftant ; but if b lepiefent the femi- 
parameter, b' the tiue diftance, u' the excentncity of the 01 bit divided by the 

femi-axis-major, and v' the tiue anomaly, then b'~ t . r i, A 

1 — u' cof v ' 3 nc mean 

anomaly alfo of Jupitci =w'+a«' cof v', proved as m Ait m 7 and the* 
mean motion of the ejnth being to that of Jupitei as i+n to 1, thc mean 
motion of the earth = 1 -f n v'+ 1 +« x 2 »' cof v', fiom this fubtraft v' tljie 

true motion of Jupitei, and we get z = nv'+TT7i x 2u' cof. v' Alfo - =1 


+U ' CoC Procced Uierefore for this value of * and £, as wo have done 

for that of 2! and l in the foiegoing operation, affuming thofe teims onty* 

where *' ’enters, by which we (hall obtain the equations anfing from thc excen- 
tncity of Jupiter s orbit We have here omitted thofir terms where the powers 
of the excentncity above tjie firft have enteied, but if we had takemany of the 
nghei powers into confidei ation, we might, in the fame manner, ’liav/ot the 
equations thence anfi*g If the reader wifh to fee an examole where the cx- 

themht of r t °d blt 1 1S and aIf0 the f « e of ‘ he cxccnt ™ty r of 

t j , « C body W llch 1S dlfturbe d, he may confult*h trMenjr de 

Roy. des Scm x 7 61, where he will find M. de I^nde has coTnpufod die 

alTthefe 8 of . Afo " ailfm S from the attradto on of the eaith, tak’ffig' 

‘ h f circumftances into confideration. M. de la P 4 ace, m compufing 

» the 
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the equations of Jupta and Sat tun from their mutual attia&ions, has taken 
into confideration the third power of the excentricity. Mem. de VAcad. 17B5, 
1786 * 

* 1 .. _ 1 

113^ The general value b l +r— zbr cof. 2] 2 is (afluming the mean 

ladius of the eaith’s orbit unity) [ 7 > 2 + 1 + zbu' cof. v'+zn cof v - (zb+zbu 
» _ 1 * 

’ cof iu -p 2 u' cof v') cof. z ] 2 . The equations mgy be computed, by firfl. 

' ’--{Lippfclmg the two oitnts to be circular; and after that, by flipping firfl: one 
6f them to be.Qjccentric and then the other, afluming,’ in the two latter opera- 
tions, the teims arifing from the excentncmes refpedhvely % repeating thejfame 
procefs.each time Or (as we have here done) we may take into confide- 
ration at fiift the whole effedt anting from one of the orbits fuppofed to be 
excentnc, and then compute the effed arifing from the excentricity only of 
the other. 


•To tejohe b-+>*-zbt coj. s'j '" 2 into the Senes A + B cap z + G cof. zz 

+ D10J ^z+Ecof. 4.Z+&1. 


1 133 When the difFeience of the radii of the two orbits is very conliderable 

T 

in'refped to the gieatcr of the two radii, the fenes expicfling the value of - 3 

(iii^S) conveiges fo quick, that a few teims will fuffice, as in the example here 
given , but if that difieience be fmall, the fenes will converge but flow, and 
the labotfi by the direct method ^becoming very gicat, we mull have recouife 
to, other means to obtain the' values of the coefficients Euler, who fiilt 
difeovued that theories might be exprefied under the form A + B x cof z 
+ Cy cof. 2 z+D y cof 32; + See. gave two methods of finding the coefficients, 
which we fhall heie explam. 

* * 

’ ’ , 11 34* By 

. * 


3 

’ •* The expreflion winch wc’heie wait to expand (1118) is £*+r l —2 Tr cof. ssY " £ > which 

% % • * J 

<. rq^ay iMucccP to — - * ~ I / r _ 2 It 


— ... 1 * * * 26} 


( c 2bt \ I 

1 X 


— 2 . 


i — g cof where ^ cof. % is the variable patt. 

+ * ' 
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m . m 4 1 


1 134. By the Binomial Theorem, i-g cof z]~ w = 1 +- g cof z 4 

I X • 2 r 


g 1 cof Z 4 


m ,m + 1 . m+z 
- — — 


g 3 cof. 2 3 + &c. Now 


Cof. z = cof. z 

Co r~z= ~ (cof. 2^+^ • • 



r\ 


Cof. Z = " (cof. 3 w + | cof. . 


Cof. z + = ~ (cof. 4w+^ cof. 2®+ i . 

Cof. 2 s = A ( c °f- 6 w + f cof 3^4- cof. w) . 


Cof. z = cof. 6w + - cof. 4^4- - — - cof. 2zv+ - . 

32 V 1 12 z 1.2.3/ 

CoTz 7 = ~ (cof. 7W + J cof. 5^4 cof. 3204 3 cof ' w ) • 


&c. &c r " &c ' 

m f 

1x33. As therefore the values of cof 2*, cof s*, col « 4 , &c. &c. are cx- 
preffed in terms of cof z, cof, zz, cof. 32, cof 42, & c. we ha\e, by fubfh- 
tution, 1 —g coL~z ] \~ m =A+B cof z+ Ccof 224-T>cof 32: 4‘-Ecof 4 s + 
&c. A, B, C, JD, E, he being the coefficients anfing from the^ibflitution. 
Now from the fubftifcution it appeals that r 
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< 


i + - x 
»4 


m m + 1 
i 2 


£' 


, 4 • 3 x . M • m + i • rn + i m + q A 
+ ^“8 x “ „ . -i 4 + 


i 2.3.4 


j 6 4 m m+i.w + 2 m + z m + 4 m + $ 


• ^48.12 


1 . 2 . 3 . 4 5.6 


/ 4 -&c. 


« * f. , 3 » 4 i ?« + 2 „» , 5 4 .. w+i. w + 2 . w + 3 t *r+4 , 
• If - x «■ £ i « p * 

i=» 4 x.| 4 1_ 4 J - 2 _± + J_. 

I 'j 6 c m + i.m + 2.m + 3.m + 4 m + r.m + 6 „ 

, £: j .t ~7 '» s * &c “ 


The values of the other coefficients C, D, E, &c we fhall find in terms of 
J and B, and theiefore having computed A and B, we fhall veiy eafily obtain 
C, D, E,& c 


• 1.1136 Let J = ^+ 2 ?cof. 24-Ccof 224- Z) cof. 32 + E cof 424-Zcof. 52 

, —m __ j 

. 4- &c •= 1 - g cof. z j , then log s=—mx log. 1 —g cof. z, and - = 

— nig fin z z , , r s , — 

■ T _ p- cof ' z therefoie - x 1 *-g cof %+mgs fin. 2=0. In this equation 

% O , 

fubfhtute A+B cof z + C cof 22+&C. for j, and — B fin. z.z — 2Cfin. 2# z 

- See for s , and fubfbtuting alfo for fin. nz x cof. 2 it’s value § fin. n+i . z 
+ i fin. n— 1 2, and for cof nz x fin. z it’s value § fin. k + 1.2-f fin,, n- i.z, 
accoidingas n = 1, 2, 3, 4, 5, &c. and we get 
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1137. The 


»' • 


TflE PLANLS OF I AMR ORB11S, I ROM THEIR MUTUAL ATTRACTIONS, 

ri 37 piitiup'l pait of this opnation theiefoie confifts m finding the 
values "of A end B. One of the methods which Ettlfr propoles foi this & pur- 
pofe is this «.In each feues for A and B, compute the value of a few of the 
fiift tertns, for mftance, of ten teims, and let the following terms be O-j-OPg* 
+ 0 P§Lg 4 + QP$Rg e + &c and then we have only to find the futn of This 
fene^ 01 of the lenes i +P i i + Pi^ + Pi^/ + & c . and as the fadois 
P> approach to unity, we may confider this a recurring 

fcries,, and which may therefore be reprefented by aTradhon. Let therefoie 

r:^;-^ = I+ ^ + P^r+P^/+&c. and we Have 


i + Pg' + P ® g * + P ® R g 6 + p%R So ' 1 + & c 
- V -yP — yP ^ -yP®R -&c 
— S — $ P — JP®_ — 8cc 
— i - « -p 



> 


lienee, P-y- oc = 0) P^- yP- <?_p = 0 , P ®R-y P^- £p = 0> P6)RS- 

, yP§R-£P§)= o, from the two laft equations we find y^ ~ * Q rJL >_ © 

xi? + y, therefore *=P-y and p=P^-yP-£ are known.’ But as the 
faftors P, P, 5, &c approach to unity, at an infinite diftance we have 
P§)RS &c. —yP^R&cc. — <JPi^ &c. = o, and the quantities P£>RS &c. 
PQR &c PiU. &c. having each an infinite number of fadtois and the fiift 
onlyone more than the fccond, and the fecond one more than the thud, and 
the laft fadtois alfo equal to unity, we have thefc quantities PQRSk c. P@P Sec. 
P “vj &C’ ultimately equal, N frhcicfoie i — y — ^ = o, oi hence 

s =\-y> <* = P-y, p = P^-yP-} Thus we obtain the 

Nl ^ 


value^of 0 x -—JL-tQx . , which repiefents the value of all the terms after 

thofc which Vere computed ” To adapt this to our piefent puipofc, wc mult 
aflunie m = l %' 

a it 

^1138. Ihe values cf A and B may alfo be thus obtained, Im 


1 £ c< ?£ *|* a =^+P qoi; r -1- C cof a* + D cof. 32 + 8cc and then 
\ * £ 

I cof 1 x z = Ah + 3 cu 2 . as h C cof. as - 5 p&c theiefoie 

_ __ 3 m 

fi — ° cof zj /.ZxAz-\-By fin s+]C fin 22+&c make a ~i an arc 


iS6 , 


Oil THE EFFECTS PRODUCED ON TIIE MOTIONS OF THE PL <1NFTS IN 

of i8o° anti all the teims aftei Az will become = o; hence, A — 

^ _ 3 

f i co ^ - — . Now the fluent of z—g col. zj z *x z is 'the aiea 

c • 

*■ 3 

of a cuive. whofe ordinate is i - g col z\ 1 and abfcifla *.• Let therefoie 

_ 3 • 

Fig PZ = an arc *f 180°, P IV = *, WH= i-g cof. z\ % *and AK the loews of _ 

" 41 ‘ all the points li, and the aiea PA HIV will be the fluent of i— ycol'xj • s x z, 
but this we can find only by an appioximation. Let the abfcifla PZ be di- 
vided into a great many (») equal paits PQ = ®JR. = RS = S‘T=&cc .» and let 
each of thefe paits be called unity, then as the ordinates are fuppofed to be 
very near, P^x ®B, or (as P 3 > = i) %B = area PAQB neaily, and thus 
RC=a.iea QBCR nearly, 5D = area RCDS nearly, &c. therefore any area 
PAE c t=^B+HC + SD + HE neaily ; divide therefore c into * = paits, 

and let the fuccefHv’e values of z be T - * T 5 * * * * ^ en 


i — or col. 2 * become i — g cof = area PdBQ, 


I — g cof 


2C 


= i?C=area §BCR , i— ^cof — = 5 jD= area RCDS, 

i ^ 

&c. neaily , put thefe quantities = H, 1 , K, L, &c refpeftively, and the 
a 

fluent of i -g cof. zj a x Z=H+ I+K+L + &c. neaily. Now let us.con- 
hder what is the fluent of all the Az on the fame fuppofition. As we have 

found the fluent of i -g cof. z) z x z by taking the fucceffive increments 
and adding them together, we mu ft find the value of the fluent of Az m the 
fame manner. Now as the increment of z is called unity, the whole value 
of Az thus generated is ^fxnumbei of thefe increments = A» when z=c . 

3 • 

Now the fluent of i cof z\ *xz = f Az r (negledhng tlieT othci terms 
which vanifli when z = <r) ; hence, H+I+K+L + &C. = A», Ind A — 
H+I+K+L + kc 


f # 

1139. To find the value of B, multiply , 1 ~^~g eol.zj ‘ l =A + B » cof zf- 

„ _ 1 A *■’ 

C cof. 2 z + &c by cof. zxz, and we have 1— ^ cot 2^ 1 x cdf z xz — A 

cof z . z + B cof. z*.z+C cof. z . cof zz . z + &£. = ^cof. z . z + B x 

cof. 7 zxz + kc.=Ax cof. z.z+i Bz + \ B cof. 2z?z-|-&c. Now 

the 




THE PLANES OF THEIR OR3.ITS, FROM THEIR MUTUAL ATTRACTIONS. 

the fluent of \ Bz is | Bz, ary 3 the fluent of all the other leans will be m 
teims of fin z, fin. az, ,fin. 32, &c and therefore when z = c- 180 0 they all ' 

vanilh ; hence, when z becomes c, f i—jcoTTzl x cof z z = f Be , 

* * j . 

’ >_ f \ -Z col z) ^ x cof s g 


187 


therefoie B ■ 


i c 


If therefore any oidinaie WH 


_ '/fzj col ’z}~: X cof 2, by proceeding exadly as before, we get B = 
* H / '±J , +K'+L'+&c c_ where H>> F) r> L , } &c . vprefent \b, RC , SD, 

x 


i rv. 
7 . 


3 

'&C. the values of 1 -g cof. zj * x cof. 2, when we fubftitute 

f_ if if See for z. The more paits « into which we divide c, the 
» * « * <* * 

neaiei is the approximation. 

1140. But we may approximate to the area PAKZ more nearly in this 
manner' B^x PR = area PACR very nearly; SDxRT= area RCET veiy 
nearly ; &c in which cafe the numbei of fuch quantities = £ « Now let us, 
Tor.inftance, divide c into 2,0 = parts, or let <* = 20, then as we now affume 
for' z the firft, third, fifth, &c ordinates, the refpeftive values of 2, if we 
take them in parts of a right angle e inftead of two right angles c, will be 

5_ 3 JL . JL - 2- 0 , — e, — g 3 ~ g, ~ $, ~ f , the cofines of 

fo 10 10 s> 10 10 10 10 10^ 10 

. __ 3 

which we mud fubftitute for 2 in 1 - £ col. 2] 3 m order to get the firft, 
thud, fifth, &c. ordinates, and the cof. z being negative for the laft five values, 

the quantity -g cof. 2 becomes pofitive , but cof. ^ = fin * 77 c °f- ~ 5 

A „ cof. H t = fin.' A I, cof. ii f = fin. A J, a „<l cof. H « = 

% 

fin. — p , fubftituting therefore thefe fines inftead of the cofines in the value 
of 4? (u?8), and f « inftead of «, and we get 



r 1 ^ 

I — P COl ,P 

L 45 10* 

p * • * 

• • 

l 

a 3 ^ 

+ 1 -<? cof * — e 

> * <• 

+ ;. SCO fj- l \ 

— 2 

!• r I * 

1 +g fin. ~ g 

| * ' (2 > 
j +t+s fin - 75 e 1 

a 

+i+<? fin - f- e 


— 2 


A A Z 


•f&c. 

3 

Z 

+ 8cc. 
This 


4 


ON THU FTILCTS PRODUCED ON THU MOTIONS OF THE PLANETS IN 

f 

This is the other expieflion foi A * \»;hich Euler has given in Ins 
' Rei her ekes de r Ivegalites de Setuni et de JvpUe, , which he fays is fulfiuently 
accui ate. The number oi the quantities is only ten, and aic'Veiy calify com* 
pu ted m numbeis. If c be divided into a gieatci numbei of .parts, the con* 
tlufion will be iroie .iccuiato. 

r m 

(141* lo obtain the value of B , inftead of the quantity 

we have 1 cof z\ r x cof 2, fubfliiute fin. 2 foi Cof 2, as lx foie,,' and 
without the vinculum cof. 2 becomes negative foi the loft half ,of the teims * 
hence, 

r r 



% 

'a 


i-.gcof. xcof, ^ e +i-^cof.^ o 


- 1 +g fin. ~ s x fin. fin. -1 


i 

a 


xcof ‘ 


x fin. ^ ? - &c. 


1 1 42. But theie is another method by which we may appioximatc to the 
aiea of this curve, by fuppoling a paiabolic curve y-a'+b'x+c'x 1 4 r/'v 3 -|-&c. 
to pafs through the extremities of any numbei a, b, c, d, e, . /, Wj n ] 

of oidmalcs, a reprefenting the abfcifla arid y the oidmate Foi inflance* 
take thice oidmatcs a , b, c, and the paiabolic curve palling through them is 
y=a' + b'x-h c'x 1 , the aiea of which, in terms of a , b, c , is a+° b+' r t 
~the area PACK, for the fame reafon, f c+i d+\ *=arca RCET, &c\c. 

hence, the whole area = | a + f b+\ c+f ^+| e f /+| u iat is, 

the whole area = \ of the fum of the fiifl and kft oidinates of the lum of 
the alternate ordinates, beginning at the fecond, +f of the fum of the alternate 
ordinates, beginning at the thud Thus we may find the- value-, of A and B 
from the known ordinates of the curve. Multiply thefe values of A and B 

T e 

by — *■ } au( j wc obtain the values of A’ and B\ 

- — k ? r r 

FTF 5 

* m 


1143. M. de la Grange 


* In tlje cafe of the full and third fitelUtes of Jupiter, hf Ba'illy has Jhown that this 
^uot differ more than the aoooth p irt of the whole from the truth. e 




1 This is pioved m the Chapter upon Interpolation, 


THE # PLANES OF THEIR ORBITS, FROM THEIR MUTUAL ATTRACTIONS. 

1 143. M dc la Grange has thus inveftigated the values of the coefficients. 

Let VZ=o -\-r—zbr cof. 2, and fuppofe 

% 

-~r s = P+i^.C of. 2 + 2? Cof. 22 + &C. 

, r‘ « 

% 

Tala the fluxion, and we have 

* ^ 

• * 

2 sbr fin z 


189 


//s+I 


:^lin. z + zR fin. 22 + &C. 


Multiply the fiift of thefe by V, and the fecond by it’s equal £* + r*- 2 br cof z , 
and 


2 sbr fin z 


= £* + > — zb, coi zx^fin 2 + 2,2? fin 22 + &C , 


Or , zsbr fin. z x P + i^ cof. 2 + 2 ? cof. 22 + &C. 


— b i -\-r‘‘ — zbr coi 2 x fin. z + zR fin. 22 + &C. 

1 

t 

1 144. Now fin. 2 x cof 2 2 = | fin. 3 z — f fin 2, and cof. 2 x fin. 22 = 
| fir? 32+ § fin 2, m the lafi. equation therefoie, fubftitute for fin 2 x 
cof. 22, and cof zx fin 22, thefe values, and we get 


sbr x 2P — 2 ? x fin 2 + be = b*+r’ x zhR x fin 2+&c. 

* 

all the other temis containing fin. 22, fin 32, &c. Equating therefoie the' 
coefficients of fin 2, we get 


sbi y zP- R—ty + r* x £> — 2 brR, » 


, , „ • k +r;>i Q-'sbrP 

hence, R- - — — . 

. „ * * 2 -sybt* *' 


1 14+ Let 


4 


l 


ON THE EFFECTS PRODITCED ON THE MOTIONS OF THE PLANETS IN 

1145. Let ~^=P' + §£ cof, z+i?' ccf. 2Z + & c Multiply the full 
by V, and the fecond by b z +r l —2br cof. z, and we have ' 15 

f 

— -fri*— zbi col. Z X P' + ^Cof. Z + &C. 

f r r 

r» 

f 

But cof. zx cof. 2: = J -+3 cof 2 z, hence, 

f > <r 

X * ' r c 

r r -pt —fr+r* x P'— br<j^+ &c. 

r 

the other terms being in terms of fin. z, fin. az, &c. And comparing this 

with our firft alfumed value of ~ , we have 

v* 

£* + r*x P' - br^—P. 


1146. Next, multiply = P' 4- ^ cof. z + R' cof. zz -f &c. by 
2 sbr fin. z, and 

2sir fin % 

— — = 2 sbrP' fin. z+isbr§£ fin. zxcof z+ 2s brR' x fin. z x 

cof. 2Z+&C. = (as fin. z x cof. 2 z=f fin. 3 z- 1 fin. z) zJbiW^sbTxR! x 
lin. z + &c. 

1 Y* 

Compare this with the value of - in Art. 1143. and we have 

*(T» 

HsbrP'—sbtR'szgfj 

But there muft be the fame relation between P\ §£ , R', as betweeh P, R, 

only wiiting s + 1 inftead of s. Hence ( 1 144), R ' = ^!+r*xg>'-2Xj-|-ix£ r p' 

i — s x bt 9 

fubftitute this quantity for R' in 2 sbrP' - sbrR'sz^ and we get r ' 


1 — s 


x $brP'— £*4-r l x ^=^3 


From 



TH^PLANES OF THEIR ORBITS, FROM THEIR MUTUAL ATTRACTIONS. 
Fiom tills equation, and the above equation FT? x P f -ir^-P> we obtain ' 


P'=- 


F+SxP- — xbr%. 
s 




4 b r p-lZJ 




P-r? 


Knowing therefore the two firft quantities P, S>, m the value of r . . « tan 

find the two &. ft quantities P', SC >" the vll “ of F+.' Ia 1,ke nBnna: ’ rf 
1 _ V" a- cof. z + 8cc. we have 


,**+?•* x P'+-— x 


P' 1 -- 


i +J 






4^ ?/ +7^ x ^" t ' ra>< '^ 




If we fubfotute i& thefe espieffions lot P' and ^ their values in terms of P 
and Q we lb all get P" and in terms of P and £ Thus we get the co- 
efSlients qf the terms of the fupenoi powers in terms of the coefficients of t oe 

of the Inferior. 


• ; IH7 . ^ + 8. cof n+K cof. an+1 cof. 3*+&c. to ftad^P, 

" S P Ac. If e be a, number whofe hyperbolic log. = i, then e * + 

,-W=i =a cof. **. Hence, the value of V, or b'+r’-ibr »C *- 


ON THE EFFECTS PR ODtrCED ON THE MOTION? OF THE FI ANETS IN 


fc S/ — I —4 */ -I ^ 

b-ie x.b — \e , thcicfoie — 

A J 




« V"- ill „ v" - i ^ 

&-te b }.’ I 


thcfe two fi&ois expanded give tlicfc two fei ics. 


1 , r 8 g Igv/ ~ J . i.j + i s+ 2 

r £ +' __ + ' ~ 2 ~ 3 b'+i~ + m 


x ,-ste * ' v/ ~ , .S's+x .r z e~ 2 * ^~ l , J-r+i s + % r * e — 3 *V- 


r; + n 


b <+ * 


2^'+* 


2 . 3 £ '+4 " 


+”&C. 


Multiply thefe two feries together, and for e rt>/ — l + e~* v '~ 1 put 2 cof 2, 
fot put 2 cof. 2Z, foi ^ v'^r +e - 3a -/-I p Ut a col 


s,&c. put alfo «=j, (3 = x. 1±2, y a LfdLLiif; 


2.3 


&c. and the piodud. 


or — , becomes. 




+ pb x (* \ + a P p +^3" |j +&c ) cof 


+ ^T x (P P +py Ji + V*# + &O cof 2; 


&c, 


&c 


&c 


And comparing this with 


JF S =P +^,cof z + R cof 22, &c. 



TI V PLANES OP THEIR ORfilTS, FROM THEIR MtfTtTAL ATTRACTIONS. I93 

*- £(•*+■* 2 1+PyJ+fcc.) 


As the quantity .£*+r*- x br cof. z is alfo — r— be* ' v/_I \r- be ~* v '~* > 
. we may change r for b and b for r, fo as to make th£ greater of the two enter 
into the denominatois. 

** * 

* 

1 148- In the piefent inftance, we want to find P and ^ when r = i , but 
in this cafe the coefficients *, ( 3 , y, See. would not be converging, we will 
begin therefore by taking s= - § , which will give the fenes a fufficient degree 
of convergency. Let us therefoie compute P and in the equation 


—~y =P+^, cof. z + R cof. 2z+&c. 
V a 


_ from the feries exprefling their values in the laft Article, writing - 1 for x. 

1149. Let — P'+^cof.^e+P' cof. 22: + &c. then (1146) 
y * ’ ' 1 ' 


p£_ ^ a + f * x P 4^rP4-3 x x Q 

*, 5 •<* * 


1x50. Let = P v 4- ^ cof. 2 + R" cof. a 2 -f-&c. ’then ( 1 146) 

pz* 


£"= @ „ = 4 ^rP / -^j-r»x^ / 


b l -r* z 


b l -r l ‘ 


» » 

Subflitute? f®r Pi and ®_' then values found above in terms of P and 
and w<? get* * ’< 


Von. IT* 


pfl m 


Bb 


G)"~ _ 




1151. Now 


» « 


ON THE EFFECTS PRODUCED ON THE. MOTIONS OF THE PLANETS 

' ii ci. Now P and aiife fiom the fuppoTmon s— - l , putting therefore 

i a i i i 1 3 *_ i 1 3 S 


2 4' * 246 2460 


~ 3 - , &c. we have, 
b 10 


1 , l . 3 

z 4 0 


^'=B=P 0 + *’5+P‘^+>'p+««') 




(S)" — 


6£ 






where we may change r for 3 and £ for r. Hcie the coefficients «, (3, y, &c. 

foim a feries decreafing fo faft, that the tenth teim is lefs than — , and thefe 

terms approach to a ftate of equality; therefore, aftei taking the fura of a cer- 
tain number of terms, we may confider the other terms as forming a geomeuic 

y.z * 

feries, the ratio of whofe terms is p . Hence, if T be any tcim, the following 

terms will be nearly T p + f p +&c. = 7 x ^-p, but fometlung lefs, as’ 

the terms themfelvcs will be a little lefs than if they had proceeded accurately m 
geometrical progreffion, becaufe the factors in the terms denoted by the Greek 
letters are lefs than unity, but approaching to unity. In the cafe of V eim 

and the Earth, - = nearly ; therefore p is lefs than | , and p-~ % is lefs 

than x ; thus, the fum of all the terms which follow T is lefs than T, and this 
' is the moft unfavourable cafe that can be put. If T be the tenth teim of either 

feries, it will be lefs ’than , ten terms only will therefore be fuffici- 

lOOOOOO 

ently accurate for this purpofe. In all other cafes v a fmaller number of t«rms 
will be fufficient. 


PLANES OF THEIR ORBITS, FROM THEIR MUTUAL ATTRACTIONS. lp£ 




% 


To find the Equations of the Earth’s Motion anfing from the Attraction of Venus, 

' fuppofing the Orbit of each to be a Circle. 

* 

iiflA. Let SP=r = i the radius of the earth’s or bit, SE=b the rad ius of Fig. 
thi orbit of Venus', s=EPi then (1x18) r= Vx + P-ab col. z, and 

3 m 

' i JTf+j?ZFi[i colTzl - * = A+B cof. z+C cof. zz+D cof. 3Z+E cof. 4 z 
J S l « " 

+ &<;. , hence, 

i _ JL —Ab-- —+Bb cof. z-f cof. zz+Db cof. zz+Eb cof. 4Z + &C 

s i b i ~b z 


And 

" fl-.ll x fin. z = Ab fin. z- ^ fin. z+J 3 i£of. z x fm.,z+-C£ cof. 22; 

U J * 

x fin. z + jD ^ cof. 3 z x fin. z~\-Eb cof. 4 2* x fin. z 4* 8cc. 

1 * 

Now for cof. z x fin. z, cof. 2Z x fin. z, &c. fubftitute their values as in Art. 
1 1 19. and we get, 

fi - i -1 x fin. z — [Ab— h - l Cb) fin. z+ (| Bb - § 2 )£) fin. 2Z+ 
U* ■ b 

(iCb-lEb) fin. 3« + (§ Dl-iFb) fin. 4Z + &C. 

-a" 

» 

Multiply this by cof. z and divide by fin. z, and for fin. z x cof. z, fin. zz 

x cof. z, &c. fubftitufe their values (1 1 19), and we obtain, 

^ *% 
n 

x c.of. z = £ Bb-[-(Ab— p+l Cb) cof. zfi-($ Bb-\-% Db) cof. az 

* f (| Cb.+$ Eb) cof. ’3z + (| cof. 4Z + &C. 

* j 

,1153.' As the orbits are fuppofed to be circles, z=mv (1117) » ^ ien ^ e > 


B B 2 


F=M 



Iy6 ON THI- EFFECTS PRODUCED ON THE MOTIONS OF THE PEANETS JN 

r F=M ( ~ - ji J fin z—M ^Ab- p - | Ob') fin. Bb— *- Db i 

fin. 2 uv -f- Cb~~\Eb J fin 3;/^+ (| £ Fb J fin, 4;/^ . 

i> = M (p - (p - 7,) cof. z) = 1 W (.*- i Bb+ (b - A} + i. 
- | Cb^ cof liv-\-(^C-lBb—\Db^ cof. 2nv-\-(^D - f 0 b—\ Eb^ cof.'^uv. 
+ (£-1 Db~i Fb') cof. . 

1154. The value of £=; yT .Ft;, the radius r being unity, multiply theiefore 
the abo\e value of F by v t and take the fluent, and we have 


, =M ((--«+ I +i Ci)i cof. nv — (. Bb-Db ) L cof. 
^ cof 3»*y- (^Db—Fb'j ~ cof. . 


2;^- 


(Ci- 


H53. As /-=i, wehave?=o, and the value of P — D- ze , but the fate 
term. A - % Bb in the value of .£> may be omitted, it not being a variable 
quantity, and therefore cannot be concerned in producing any of the ine- 
gulanties of the earth’s motion in diffeicnt paits of it’s orbit , hence, we here 
aflume 


P=M f(B+^-ixAb—--ix^ l - - + | x C^) cof 
V * « b « 1 / 


nv 


+ (c+ ^ — fx.B^-^-1-fx cof. 2SV 


+ C< 5 —-^+|x £ 3 ^ cof 3«t>' 


+ + ~ - § x Db— ~ +ix Fbj cof 4«i^ . 

(T 

* 1156. By 


l 


THE PLANES OF THEIR ORBITS, FROM THEIR MUTUAL ATTRACTIONS. 

1156. By obfeivation, we ha?e £ = 0,72348, 77 = 0,625, h ence > £*= 

0,52342', 1 + £ 4 *= 1,52342, 2 £=1,44696, therefoie i + £ z - 2£ coITisj * 

= 1,52342 - 1,44696 cof. zj % = A+B cof z + C cof. 22; + £> cof. 32 + 
E cof. 4z + J’cpf. 5Z + &C. and by the rules (1133, &c.) we have alieady 
given, we find .^ = 4,9996, 5 = 8, 8861 ; hence (1136), 0 = 7,425, D = 
6,03^8, ' E - 4,8572, £=3,9281, from whence ^£ = 3,6171, ££ = 6,4289, 
Ct ~ i , 3718, ££=4,367, ££ = 3,5143, ££ = 2,8419., 

* 'i ^ 

ii57^ Subftitute thefe numbers into the above values' of « and 5 , and 
we have 

? = M( 1,5699 cof. mu- 0,8274 cof. 2 nv- 0,4954 cof <i>nv- 0,305 cof 47/2/) 
5 = M (1,3598 cof 7/27 + 3,6765 cof 27/21 + 2,584 cof. 37/27+1,8828 cof 4 nv) 

* f 

115S. AlTuming^=i, ifP=d' cof ?7/z+£' cof. 7/z + &c. then «S = - 
h f 

x”cof. tnz 5 xcof 7/Z-&C. (mi), in this cafe, the divifoas m 1 - 1, 

W "" I , 

' #/*■— I, &c. become a*~ 1 = - 0,609375, 4a*- 1 =0,5625, 9?;*- 1 =2,5156, 
i6»*- 1 = 5,25, alfo </' = 1,3598, £' = 3,6765, £-' = 2,584, £=1,8828. 
Hence, 

S = M (2,2314 cof 7/21 — 6,536 cof. 2 7/27 — 1,027 cof 37/27—0,3586 cof. 47/27). 

• * 

1159. The expreffion for the correction of the time is the fluent of 
— 2 S+e- x “U , fubftatuting^ therefore for 5 and e their values here found, we 
have • # 

- 2 <S + £ X 27 = — JVf (6,0327 cof. 7/27 27 - 13,8994 cof. 2 7/27.27- 2,5494 Cof 

2 7 Z 27 . 27 — 1 ,0222 COf. 47 Z 27 . 27 ). 

• • 

* ‘ * * 

. t . . . 


*1 


Hence 


* 9 ' 


ON Till EllLCTS prODUCED BY THE MOTIONS OF THE PLANETS IN 
Ilcncc, the cot re ft ion of the time 


_ ex y = 


1,0422 - x 

. - fin 4 nv ) 

4« 


*“ = - A/(9,6)-7? fin «v-nii74fin 2«v- 1,^597 fir %nv 

— 0 4089 fin 4 nv) 

C 

n6o The cone&ion of the longitude fo fai -is legal ds the diftuibing 
forces (1114), is the above coriefhon of the time with its fign changed 
fubftituting thcrefoie the mean longitude v foi v and putting /= #* = the 
mean longitude of Venus -that of the eaith, we have the conedlion of the 
mean longitude 


s=M (9,6475 fin /- 11,1174 fin it- i>j 597 fin j/-0, 4089 fin 4O 


1161 Now (1067) the mafs of the fun being to that of Venus as 

3,39^8 0,88993 we have ==o 000002665 fubflitute that foie 

this value for M, and multiply the whole by 57 29578 m older to reduce it * 
into degrees, and we get the correShoi of the longitude 


^5", 3 fin f— 6",i fin 2*- o' ,7 fin 3/-o',2fin 4 1 


1162 Thefe are the equations of the earth’s motion fiotn the adhon of 
Vtnus, upon fuppofition that the orbits aie circles if we confidcr the 01 bits 
as being excentnc, we may compute feporately the effects arifing from the 
eccentricities, as before fhown Thus we may obtain the equations of the 
motions of all the planets arifing fiom their mutual attractions Sec fltft de 
l' Acad d Parts, 1754, 1760,1761, 1785, 1786, and Htjl del 1 Acad d Berlin, 
1781, 1782, 1783, 17845 alfo, Euler's Rccherehes dts Jy&galites de Saturn et 
Jupiter 


On 


r 



THr )»L*N''S 01 Tlinr ORBIT'S, FROM THLir MUTtTAr A TTR VCTIONS 


u»9 


** On tin Motion of the Moo 1 s Apogee 


11 6^ The adion of one pi met upon mother to diftuib it r s motion abom 
the fun is fimilar to tht idion of the lun upon the moon to diftuib it’s motibnr 
ibou the eaith The genenl equation of the cuive theiefoie which the chf 
turbe l planet delcnbes nny lepiefent that which the moon dcfmbes about 
the earth, and thence the uiegulautics of the moons motion may be invefh 
gated But on account of the length of the fubjed, we cannot here give aa 
mveftigation of all the lunai inequalities we piopofe however to fhow how 
the motion of the moon s apogee may be found and that bang underftood, 
together with the method of deducing the equations of the motions of the 
planets the leader will be picpaied to entei upon any fuithtr icfeuches of 
this kind 

1164 Let E lepiefent the eaith, M the moon, $ the fun, and at A the Tic 
higher tpfide, let the moon be in conjundion with the fun at B, put the mean 242 
dfllmce of the moon from the eaith = 1, ^=the femi paiameter, r—EM , 

ES = h, MS = s, u = the cxcentucity of the moons oibit, v~AEM, v = BES, 
%=SEM Now (1 1 18) 


* 


Mx r f Mx h M~\ 

V ~~b' ~ l~ 7 i ~ ~ b') 

_ (Mxb M'] r 
jr=- [— J- J fl „ * 


cof z 


I 


But MS = b + > - 2 br cof zj 
b x 1 - £ cof z, and jj- = ^5 


(as r is very fmall in refped to b) 

-,,= r ,x. + 3 j cof* 
i xi-^ cof at 


Hence, D = ^rr ~ ^rr“ x cof a: , negleding that term where b 4 enters into 
b * b 

the denon mntor, as, bang extremely fmall when compared with the reft 
Alfo, F— xcof zxun z, but cof z*=i-i cof 2,z, and cof z 

x fin z = | fin az, hence, 


% 


D=~ 


zoo 


ON THE ErilCTfl PaODUCED ON THE MOTIONS OF THE PL AN EJ IN 


D = - 


I Mr 
~V~ 


■2 Mr 
b' ' 


Cof 2Z 


r 


r, ’ Ml . 

Ft= tt~ fin 2Z 

b* 1 

But e = -~p ~> f being afiumed = i and P = Dr 1 + - a? 

fubflituting therefoic foi and D theu above \alues, and putting . 

we obtain 


e = 


_ 3 J^ A’-x 

2J> 7 


fin zzxv 


p=- 


ar 3 a*!* r > 

— r, - =— jt cof 2J5 jT - 

2d 1 id 3 id 3 v 


x fin az— 2e, 


neglecting the denominator 1 | ie of this laft quantity 

1 16 c To explain the principles of the method by which we piopofc to find 
die motion of the moon’s apogee, we will take a moie Ample calc of the pio 
blem, negledhng the force which a'ts peipendicularly to the ladius vcdtqi, in 
which cafe D becomes the only dilluibmg foice, and P = Dr Suppofc 

h I Ji 

£)—•—, and then the whole force to the center = — + — Now P= Or'zs. 

Jl Jl ^ 

but (iua) ~ *= -j - ^ c °f mv b en ce» -P= ^ — -^-cof mv > comparing 

therefore this with the gencial value of P — a' cof mv+b 1 cof nv f we have 


a = — 


hzv 


u — , « = o, hence ( 1 1 1 1 ), the equation of the cuiye becomes 
d » 


b =- 


1 1 

- ? - / 1 

r p 


+ !i - 1 ( c + — cof v-\ — vT. i- cof mv Now 
+ l p {C+ dxm-i dJ pdxm*-i 

it is minifcft that this fuppofition £ •= ^ “ 7 cqf mv wilfbe j iftify?d, pro 

vided we can mate this equation coincide with the above equation of the 


I hi bnu /;'* 

curve , to do which, we alfume - x 1 + 1 ^ c + j _ + 3 = 


hi 7H 







TH$ PLANES OT THEir ORBiTS, FROM THEIR MUTUAL ATTRACTIONS 

hut> 


ROI 


pdx ih - 1 =" “ J from wtlch ec l uaUons we find tn = \Ji-y d=p-h, 

w = - < P > thus we have found fuch values for m, d and w a will 
make the equation of the moveable ellipfe coincide with the equation of the 

cuive defcubed by the body We fee theiefore that the effldt of the foice — 

- r’ 

added to the foice — , changes the ellipfe expiefled by ~ = 5 - i x C of v 
into a moveable ellipfe exprefild by - = -i— _ cx Ji ~ ^ iJr A co f mv t j. e 

* P— /l p < p-h 

paiameter and excentricity of which aie diffeicnt fiom thofe of the elliplc 
defcribed without the dillurbing foices , and the mgulai motion of the planet 

i i - v/i-f This 

P 


tint of the apogee v v-mv i i—m 


agices with wlnt ve determined in Ail 83^ as will appeal by fubfliluting 

in the geneial eapreflion foi the foice — —--jr j,/ X } },=. 1, c=h m— 1 

»=o and making p= 1 Upon the fame piinciple we flull proceed torn 

vefligate the motion of the apogee, when the foice F is fuppofed to adt 

. 1 1 w r , r 

As - = -v - -j col mv we have = 


1166 


= 1 + w 


J 7 vv * w v ttv -a >b ■■ ■ x ■ 

r ^ a d 1 — w cof mv 

cof mv+vP cof oti/ + &c raife this quantity to thefquaie, cube, and fouith 
power fubftituting foi cof mv* coi mv 3 col mv* &c then values J + J cof 

awv, % cof mv+ \ cof ^mv, „ + J cof zmv | „ cof 4 mv, and put a'=i 

+ 3 w , p =w + 5 w* y — x +5 TO *, * =™+— , *'=i , and we act 

, 4 6 

J* -« (H awcof MV + 1 TO* cof 2Wu) 


=/+4^ cof /?;vq 5TO cof 

, * 

, d> 3P cof mv-\ j to* col 2M 1 

3; r 

- = - 3 p'/w fin mv - 6 to*m fin 2 »/ v 


Vol 11 


Cc 


1167 By 



20 „ 


Otflll] I I 1 L l 1 PI ODJ< CD 0 l TIU I O1I0NS or IHr PL»NE19 IK 

11^7 By Ait Iiij t-1 i which is u hu ntl> accui tc foi oui piclcnt 

puipdc th it i^ t — iH i i cof n v v \ 2 w cof zmvxv vuy nculj, 

^ H) 0 V i 

aflummg s = i, cl — i , hcnrc, t — o \ — fan mv 1 — ^ lia ztnv the 

the mein motion (ni|) oi the moon couclponthu^ to the tiue motion v , 

in which time lilt fun ddcubr the angle x Kt lluiefoic i — - i *ts the 

^ V m 

in m motion oi the iun tint of the. moon and we lnve v+ ~ fin ihv -f 

ft * • 

,w -fin ztnv x>o\v-* i i - , tneicfoie if wc put a — — x i - ~ (> 
\m u m " 

b'— ¥L x i — - , wc have, 

4 m i) 


z=--a' fin mv-b fin ztnv 

n 

u6<? Now to find the vtlues of fin 2 z, cof zZ , we may confidcr n as 
made up of two paits, — and -za fin wu- 23 'fin ? mv , hence, by lu 

a ‘u 

gonomcti), we ha\e fin 22 = fin — x cof (2 a fin tn 0 | ~b fin z/nv) 

0 1 ) 4 
_ co f x fin (za' tin mv-\ zb fin 2 mv) , but is a and b tie fin ill, we 

H 

we may confidct cof (2 a fin mv 1 zb' tin ztnv) as equal to nuity 4 and 
fin (za' x fin mv 1 2^'xfin zmv)-za fin mv-\-zb fin ztnv, ind lubflt 
tilting for the two piodu&s of cofine x fine, dien values in twin d lnlt the 
fine of then fum - L ilf the fine ot then difference we have 


2 V ~ 2 r 2, 

fin 2 z -fin fa fin - m v- a fin - +m v-\ 

n n n 

b fin - —zm v-b fin - 1-2W v 
n n 


2 *[/ 

1169 Alio, tot _ * v = cof > cof ('>« fn mv + zb fin zm*i) | • 


fin — x fin (za fin mv Yzb fin zmv), afiuming theiefmc the time cofiue 
» % 

= 1 as b foie, and fuoflituting foi the produds of the two fines then \ i*bes in * 

terms of hilf the tofinc of then diffeience - half the cofine of tl cn fum, wc Into 

cof 2^ 





TIir*PLANT9 of nil IP OR! in, TROM THTIR MUTUAL A I fR *C 1 10 -IS 
cof ? o - col ~ 1 a cof \ - m v - a col ~ + i v 


n 


n 


* 4 - b cof - — 2 m v—b col - r 2 tn ’i 

h n 

/ . 

a) J & % «,a0 i law r 

n 7 o The \alue of “ lb “ ~ ~T m1 wy “ a Lof 2W,y * 

whicl^is the fiift quantity conftitutmg the value of P • 

ixji Having found the values of and of fin 22*, we hive 

e = - f — x fin zzxv= - f (y + 4 J cof mv $w cof 

2 p J d* J 

2tnv) x (fin ^ | a fin v- a fin | ■+ w u + £ fin ~-2W v- 

b fin 7 +i») v) xv Now leaving out the general mullipltei — ‘~j~ 
-uid aflually multiplying the otheL terms, let us only ietam thofe lei ms which 
will pioduce quantities of this kind, fin fin v, fin ^ + m v, 

r in 2 _ Z m v, as we will heic negledt the other terms, fin - + iffl v, 

* X 

£ n t 4. m v, &c on account of then fmillncfs In oui multiplication 

tt 0 

%U 2 

theiefoie we retain thefe quantities, y fin — + ya fin ~-m v-y a' fin 


- + >w -y \-yb fin --am v + /\S cof mv x fin (- pJfl'cof mvxtin 

n n H 


• 2 V 

- — m v+kw cof 2OTxfm • — Now 
» 13 n 


iy 2 * r 2 

4i xfin — *x cof wu -2^ > fin r tn i H a* x fin 7 - m v 
^ n tt tt 


ft 2^1 « 

4^'xfin — tn* 0 ft, cof ot-u — 2^« xfii — I * fi J1 u ~~ 2m u 1 


• ijw'x fin — x cof ~mv = 5 ua fin \ - n v V 0 fin -am v 

j tt rf » 

Colli I'lin ' 


c c a 


\ 
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Collecting thuefoie the coefficients of the ibove mentioned teims (neglecting 


2 V 

zS a' fin — on recount of it s fmallnefs) we get 


er= - /'/fin — v | 2 S' -\-y'a x fin 2 —m vxv + zS y a' 
zp J * n 

2 - ■ i 2 

fui ® vxlJ |- / x ! w xfia --iffl i/x?/ 

a ft 


Putting therefore a = , h = — x — c = — x — — — 

4? 2 - - » - I w 

n n 


<id yb' -\-z$a-\- i w , , 

d= fr x , p=a+bd c-d, 


zp 


2 

2 m-~ 
n 


and taking the fluents we have 


2V 


— 2£= - 2 a» cof 2ba cof - — v — 2 c oi cof - +m v 

ti n n 


+ 2d* cof 2 -2W v + z pa, 

« ^ 

wheie pa is the coire&ion, fo that e may be = o when v=o 


1172 To determine the value of — xfin zz, we have (1166) jU 


dR> 


— *(3 m fin mv— 6 w m fin awv and fin z£ = fin — + a fin « —m v 

* « „ 


— 0 fin « +r» v+ 3 'fin -—2 m v-b' fin 2 + 2« hence, -*!?— x fin 

a a n zc/*v 


zz 


= " x - 3 (3 w fin tnv— 6 w m fin loiuj a (fin ^ + a fii - -0/ ^ 

— a fin - 1 w v-\ b fin ~ -^tn 0- b’ fin 2 + zm v ^ \, now if wc tc 
# H H J J 

tually multiply thefe together, and retain thofe terms which,, tic jo f the fajpe 

fpecies ts thofe ictTined in the laft Article, we Ivwe — x fin zz—~xr 

" 2^2; z 

(“ 3 ( 3 'w fin nv x fin ^ - 30 'm« fin »ni x fin ~ — m v— fin awv 

x fin 
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ao A 


x fin ^ — 3(3 m x (f cof « — m ■U'-fcof^ + w — Z^ ma 

x ( f cif ^ -2« u- f cof - 6n> m x ( l cof ~ - i> — J cof 
, putting theiefoie a'= a (3 m a, h'=$( 3 m, c'= ? ( 3 '/»a + 3 w m, 


-+ 2 W 

» 

we ge^ 


- x fin 2»= - a'* cof — +b'« cof - - w v- b# cof - +w v 

n » « 


+ c'« cof —%mv 

n 


3 «r» 


1173 To find the value of ^-j - 3 cof 22, we have (1662) -~=cH gp' 


QtV ^ 

cof wv + 320 cof itnv, and cqf 2 2 = cof j- a cof - — m v — a cof 


* +w v+^'cof “ — 2/w v-^'cof - + 2W u, hence, cof 22=?2a x 
« « » d* 0 

** ^os + sP 7 cof + 3 W c °f 2fflv ) x (cof Qof ~ •— « cof 

2 2 2 

• — (-»/• u + 3 ' cof — 2W v— cof - ^ aw v ) ) , now if we multiply thefe 
n n u / J * J 

together and retain only thofe terms which aie of the fime fpecies as thofe 

which wc before ittained, negledting fome teims of the fame fpcucs whofe co 


« a j 3 

effluents aie very fnnll, we have ~r col 22=*x cof — ■ +aa cof - -m v 

0 A n « 


2 d l 


-»citot *+m V+3P' cof^wvx cof ~ +320 cof 2«vxcof 3 p'fl 

n 2 

cofwvxcof --w vl-a^'cof — %m v, but 




i> 

* Some of the other terms befides thefe will give teims of the required fpecies but the 
coefficients aie fo fmoll that tney nny be neglefttd 


* 


*s 


) 




\ 
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2 * 1 ) % 

,(3 cof mv a cof — = (3 (col m v l-col - [w v) 

Jr a n n ' 


2<y 2 2 

» 3 w cof ?tnvx£ bf — = ’w (cof — zm t/-l col +c ,/« v) 


7 V") 


.( 3 d cof mv x cof - - m v — 3 (3 a (cof r- - zm v [ cof — 

0 r » ' n n J 


putting thercfoie >rr = 3 », f = ® ( 3 ' + 3 »a, <r = ® ( 3 '- 3 eta, r= 3 mb ' • ( 3 a | 4 ;u , 
we have (negle&ing the laft terra on account of it s fraallneft.) 


aa?’ . r », r 2V -2 

- — r« col 2 Z=—vet col ga cof — m v 

2d 3 n s » 


2 » 2 

— era cof -+#; v — r»cof 2«? ti 

« « 

1174 Having found the values of all the teims which compolc (lit 
quantity P, let us add them to^ethei, and colledt the coefficients of the hi c 
terms, and putting ^ = 2a + a|-w i? = 2b — b h f , C= 2 c + b+<r, 

D= id+c'-f) jB= 3 ( 3 , L = 2p- *, we have 

2 


hi 

t P Ea cof mv — A 06 cof — — 5 a cof — m v 

n n 


C<* cof ~+m v f-jDa cof - - zm v 
n n 


4 


1175 Subflitute tins vilue of P in the geneial equation of the cui\c in 
Ait mo and (dividing by p) we get 



inr PLANES 01 HIEIR OR^TS, trom their mutual attractions 
♦ 

I = J-LL* - 1 ('- j±- + -is it— h &c 'l cor « 


Lot f i CO o 2 U 

— ' h X cof WU 1 : X C01 

# XI_ " 1 * 1-1 “ 

1 n 


x cof - - » v + 


x cof - +« v 


0 x i - - — » 


p x +m “• 1 
1 n 


iD it ^ 2 

O- « = a X COl - - 2M Vm 

1 n 

t X I 2 -W 

n 


h L<x,d 

the Equation of the Lunat 0 / hit Moke i + = ^ 5 w = > 

c — . + — - &c =o, where ^ p , ?^ 5 have foch values as 

x - m ^ - x 

w 

i/' / A <x,4 Reid 

wilt fatisfy thele cqmliona, put illo jr = =— , q = — - — , 

A 


P < - - 1 
1 » 


p x i— — m 
1 n 


/ = 


Dotd 


-==. , and the equation becomes 


/>x -+*» - i 


ji x i - - 2m 

1 n 


- — i - v cof »w+p' coft 2 — — <7 cof - — m p Fr / cof « -\-m ■y+j' cof 

r * n 1 ft 1 ft 

— J t 

t-.%m v Now; - = i-wcof mv expicfles (1112.) tiic cuive defeubed by 
n r 

1 fhoveatylt dlipk and the other turns being fmoll compared with thefe fiifl. 
find the viKie of r fiom tin equation and fubftituting it into the value of 
♦p a feennd equation is found ippioxinuting rnoic nearly to the nuth, thus 
(w Me we \o pioccid in tnc tlicoiy ol the moon) wc mi B ht couu .1 the equation 
ot the cuive, 01 Liu- equation wh di D ivcs the ldition between the diflinee 

and 


4 


9 


OH THE EITECTS PRODUCED ON THE MOTIONS OT THE PLANETS IN 

and the angle dcfcnbed But we heie piopofe only to fliow the method of 
finding the mean motion of the apogee 

1176 Now ~ = 1 — zv cof mv are the puncipal teims of the equiuon, tnd 

(1112) denote a moveable ellipfe, containing the gieu eqiution of the 
moon s motion, that is, the equ ttion of the centei , alio the- motio a of the 
apogee And as this equation does not depend upon the fiuution of 
the fun, the motion of the apogee which is dcnctcd by it, ma y be 
confideied as the mea,n eff ft of the difiuibing foice This moi^on of 
the .apogee is conftantly piogieffive tnd (1112) is in pioportion to the 
motion of the body as 1 — m to 1, if theiefoie 1 lcpiefcnt the mean lhotion 
of the moon, the mean motion of the apogee will be lepi dented by i-m 
The other terms aie fmall, and depending on the pofition of the fun in ldpeft 
to the moon, they will produce fome of the fmallet equations of the moon s 
motion, and the equations of the motio 1 of the apogee Hence, we may 

confider - = 1 — • w cof mv as an equation repiefenting the bafis of the lunai 

01 bit 

1177 By obfeiaation, w=o 05505 the mean excentucitj of the moons 

oibit, accoidmg to Su I Newton Alfo, 1 - i 1 0,0748 1 04 

1— - =0,0748 And if = the penodic tune of the moon, / ) = that of ihe 

ft 

3} h % 

earth, we have (818) p P , fitting aiide the effeft of the dif 

turbing forces, hence, pi = =*> and * (^ = J =0,005595 vuy 

nearly 

o t>u „ Av Bet 

1178 The equation c- — - + =- f&e =0, would 

1 — « 4 a 

■7 “ 1 1 ~ -m 

1 n 

(as E, A, B &c are in terms of w) give the iclaTion between c and w fiom 
which we get the lati^ of the excentncity oi the oibit which would h ivc been 
defuibed without any diftuibing foices to the excentricitv of the uue 01 bn 
but as c enters not into any future part of the procef , it is unnt-cdluy to 
deteimine that point 

1179 The equation 1 I Z.* = ^ is ufed to determine the value of d, tint 
quantity entering into the values of p', j', r, s' 
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1 1 80 The equation w 


E&d 


contains an element of gieu import "* 


px i-m 

ance in the theoTy of the moon, as fiom it we obtain the value of m, and thence 
(11x2) the mtftidn of the apogee 

118^ As the motion of the apogee is flow, we may fiift afiutne m = r, 
and aftei wards coned that affiimption Fiom thefe values therefore 0? w, 

1 — , a and m, we obtain fiom the equations in the preceding articles, 

«= 1*0091, |3 ^0,0555, y =1,0151, J' = 0,0557, w =o>oo 3 ° 3 > <* = 0,00824, 
^ = 0 , 00017 , w= 1,5136, f = 0,1374, <r = 0 ,II 24 , 7 = 0,00718-, '=0,0007, 

#=0,0416, c'= 0,0045 8 

1182 The coefficients a, b, c, d, as they aie expreffed m teims of - 

P 

cinnot be known till after the refolution of the equation I +Lu = m which 

d 

L ltfelf depends upon - Now p reprefents the femi paiametci of the orbit 

that would have been defcnbed without any difturbing forces, and d the tiue 
femi parameter , and as the magnitude of the orbit can fuffer but a very fmall 

alteration from the difturbing forces, we may alTume - = 1 , and afterwards 

P 

correft it Hence, we find 3=0,8229, b = o,2io7, 0 = 0,0543, d=o,o869, 
and p = 1,001 , confequently A— 3,1595, 2 ? = 0,5172, C = 0,2627, 
D 5= 0,1721, L = 1,4975 Subftitute this value of L into the equation 

1 and wc get ^=1,00838, hence, ^ = 0,9917 Now as the 

^quantities exprefiing the values of a, b, c, d, have the quantity - as a mul 

P 

tipher, the above values of thefe quantities muft be dimimfhed in the latio of 

t 0,9917, therefore a^o, 81607, b = o, 20895, 0 = 0,053849, d = o, 086179, 

coniequently wc get a mere correft value of ^ = 3,1557, 5 = 0,5162, 

0=0,2624, D=o 1708 Hence, p'= 0,00722, ^'=0, 01035, r =0,000205, 

s'=o, 00097, which vilues, 5' and s' aie thofe where the fubftitution of 1 



for m caufes the greafceft enor, on account of the divifors \ - - - m and 
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1183 From the equation w — 


Ead , Fad 

■- we get 1 - m = , now 

p x 1 - m wp 


£ = 0,0838, and ~ x <* =0 9917 x 0,005595 = 0 00555, therefore 1 — m — 


0,008388, confequently 1-^=0004186 Accoidmg to this conclufion 
therefore, the mean motfon of the apogee that of the moon o 004 f 86 i, 
whereas* the ratio ought to be that of 0,008455 1 , this conclufion therefon, 

gives the motion of the apogee only about one half of what it ought to be 
accoidmg to obfervation We muft theiefore fee whether we lvjye not omitted 1 
any terms, which, in the prefent cafe, may have been too con fidei able to be 
neglefted 


1184 In fubftituting the value of - into q, 


„ V 1 r 
into x fin 

zd*v 


2 a, and 


n ) 

into ^jx cof 22, we afiumed it equal to 1 - w cof mv (1166) , wheieas, if we 


_ d . 2*y , 

aflurae- = i-wcof mv+p' cof — - 3' cof •?-»; v + &c (1175), the in 

trodudhon of thefe teims p f cof — — q' cof ~ — m *y + &c will be found to 

H H 

have a very confiderable effect in the value of - (3 , 01 of E, and confequently of 
i — m Now that teim which will produce iny confidenblc effedt on h is 

-f'cof - -t% j in the terms 7. , and — , when joined with fin Z -\ 
» a a v 11 

2 

®°f — m the values of fin 2 a, cof 2 a We will take each cafe feparately 


d — * i " “ ^4 

1185 Affume - = i - iv cof mj—q cof - — m v , hence, = 1 — ai v 
r 1 n r 4 ^ 

cof 43' cof \-m v, theiefore ~= 1 4-4«; cof mv+Aq' cof - —m u . * 
n 1 it 7 

the two firft terms we have already confideied , we haw- thercfoie to afiume 

d* 

r*> 

=4^ cof - -w v, and taking only the firft term, fin ~, in the aalue of 
fin 2 z, we have ^ * hn 2a x 01=4 q f cof « — m v x fin ^ x “U = 2*0' 


fin mv v+zq 1 fin ~ n -m vxv winch laftternlwe may omit, it not* being 
of the fpecies which we here want , hence, e= — 2^. f 2 q' fin mv x 01 = 


3 


THE jPLAKES OF THEIR ORBIT?, TROM THEIR MUTUAL ATTRACTIONS 
2 c& da f r 

cof mv, the conettion therefoie of - ze m the value of P is 
6ao<7 r 1 

- -T~ COf »#/ 
fm 

r 3 

1 1 86 i In like manner in the quantity T we gcL the terra a ?' cof ~-m±v 

a « 

which lias not been *confideied and taking only die fiift term, rof — , m 

n 

the value of cof 22, we have x cof 22=37 cof 2 -m v x cof — =. 3 q f 

cof mv+ 3 1 cof v which lift term we omit, as not bang of the 

fpecies which we heie want , hence we affume cof 22 = J«j'cof mv, 


7 Af a 

which »s the coricftion of — -rr- cof 2zm the value of P 

2 a 

1187 Again aflutniug d=sj, in the quantity r* we mtioduce the tenn 
cof ~ - m v, theiefoie ~ 7' fin * - m v hence, we 


3»r r , xq 2 „ z 

aflume 2<P<u 3 x - - w x fin ~~m v, and taking only the fiift term, 


m 


fin ~ in the value of fin 2 z, we have x fin = x * _ 
2.</ 3 <y 2 « 

x fin vxlh 2 ~ = x ~ x cof mv - x cot 

f, which laft teim we omit, as not being of the tpccics we licic want, 

hence, we affume fin 22 = 5 ^- x ^-wxcof mv, which is the cor 

lcdhon of x fin 2Z in $e vtlue of P ^ 

1188 The three collections theiefoie which P receives make — ( 4 

\ pm 

♦ \ x » -rW / ) ®? cof win, bui in the value of P before this teim was 

-4 cof and we put )< = 3 (3 we muft now theiefoie put B = 1 (3 4- 

(pm + ^ E 1S tllcreforc mcieafed b y (~ + \ - l x ^ - #; j 

0,07^4 j l ^d the foimcr value of 1 (3 being 0,08^8, the coiic< 5 txd aaluc of 

EDI _£= 



om shl rrrpcTs Fnoptrcrt) on Tin: moHons of thl pl\ni'T3, &c 

I =0,1642 hence, 1 -m' = —- = 0,0162,6, and 1 -w = 0,0083 6, which u 

vef} near it s true value 0,00845 5 Now there are, afict this correftion, only 
tome veiy fmall quantities omitted, the opu ttion theiefoie ought to be t veiy 
near approximation, and according!) we find it to be lo, lienee, We liny 
cor Jude that the theory of gravity is fufficient to gue the true mfotion of 
the moon s apogee 

1189 Having determined the value of m, we might umedt all the cpian 
titles which depend upon it and then pioceed to find the coircdtion pf the 
nmcf uid tliencc tfiat of the tiue longitude, in like manner as we obtained the 
fame for the planets , taking into confideiation the excenti icily of the Caith s 
orbit, and the inclination of the moon’s oibit And in the fame manner as 
tor the moon, we may find the motion of the apogee of the oibits ot the 
planets But a full inveftigation of all thefe things would exceed die bounds 
to which we muft confine this work 
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1 f ON THE TIDLS * 

■» 

Ait 1190 rr^HE pbamomenon of the tides is a clrcumflance winch muft 
JL hive been obferved in the fiift ages of the world Arcojdmg 
to Mr Qostard, in his Hiftoiy of AfUonomy Homtr is the moft ancient 
author who has mentioned it Herodotus Tpeaking of the Red Sta or tin 
Auburn Gttlph, fays, that ‘ that is a flux and reflux of water in it every day 
And Diodorus Siculus dcfcnbcs it to be £ a gicat and lipid tide Theft 
wnters however, do not attempt lo guefs it the caufe Pvtheas of Marfedle r 
who lived about the time of Alexander the Gi eat vs as the firft pcifon who 
fufpefted that the phenomenon wis owing to the moon Pliny lays dneftly, 
tint it is caufed by the fun and moon, JEJlus mans accedere el rtcipocare maxim 
mtrum ejl plprtbus qutdem modts aceidtf, verum caufa tn/olf lunaquc Bis inter duos 
exottus Unite affluuut, b/fqtie remeant , vicuus quatti iitfque Jempir hoi is , and from 
Tfurthej obfervapons which he has made upon the tides, appears, that they 
mull have been very accurately obfetVed in his time Galillo thought that 
die tides weie owing to the lojatory motion of the eaith about it $ axis, and it’s f 
revolution about the fun , but the phsenomena can by no mean be folved from 
thefe caufcs as the foimer motion could only make the eailh put on the form 
of an oblate fpheioid fubjeft to no change, and the latter would produce no 
effedt on the fCuface Di s Cartes imagined the tides to be caufcd by the 
■pieffuie of the moon, but accoiding to this liypothefis, the tides ought to be 
loweft when the moon is on the meridian nor could the cfleft bo the fune 
when the moon is below os when above the horizon Di Wallis fuppofed 
the pbsenomcnon might be folved by tfie earth andi moon revolving 'about their 
center of g avity , but as tfo* tides depend on the fituation or the moon to the 
fun, and oie gveatefi. when they are in conjunction, and lcaft when in quadia 
tures, it is manifest, that they mu*! be pailly owing to the fun, and therefoie 
os Jhe fun and moon appear to aft in like manner to produce the effeft, this 
canpot be the tine, principle Kepibr was the fiift who tfligned the true 
phyficaPcaulfe , he fays, that the waters of the fea giavitate towaids the moon, 
and caufes,the tides (a^o) Laflly &11 1 Newton has fhown, that Horn the 
principles of' gravity, the phenomena of the tides may be folved, but the 
eftefts from theoiy nTuft be interrupted vanoufly from local circumft vnees, as 
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Fig 

*43 


the theoiy fuppolcs the whole fuiface of th<* earth to be coveted with water, 
which would, in fuch a cafe, hive a free motion 

1 191 Let PEpD be the earth At reft yitl^out any lotatiofl about it s axis, 
S a body at left attiafting it, diavV SEOJD, and Pp perpendicidai to it, then, 
by the attiadtion of S , the eaith will put on the foim of a fphuoid, whole 
major axis is Pp, and ttiajoi EP>< Let P f be the attrition of the Ipherchd at P, 
h its attiadlion at E , independent of the diftuibing foice of S , then (975) 

§0 

the attiadhor of M in the dnedhon MR is Px — , and in the duedioQ 
OR 

t is Ex Let nt lepiefent the addititious force of S upon the point P, 


and ft that upon the point E, then, (843) as the addititious foice vanes as the 
diftance from O, PO MO m mx the addititious foice at M, hence, 

MO © 0 

MO MR, or ^ 0 , tn x ~pQ w x ^Tq the addititious foice at M in the 
dnedlion MR, alfo EO OM n nx the addititious foice at M, hence, 
OM 01 OR nx< ~j[o n x the addititious force at M which 


a£ts in the direction theiefbre (847) 2 nx — = the whole diftuibing 

force on M by the aftion of S m the dnedlion $M Hence, the whole force 

of M in the dncdion M^,is E-inx ^ and m the direction MR it 19 
— G 0 

P th x pQ> ^t tliefe two forces be repielented by Mg, Mi, And complete 
tW (parallelogram Mrqg, and produce Mq to G then gq, 01 Mr Mg 

%M, thalis, 7 +S x |£ ^ G = 57 -xOt( 97 ^) 

QM, or P+tn E—211 OE OP, theiefoie a Ipheioid having two axcjj in 
luch a ratio, the diredtion of the whole foice atevcif point will be perpendicular 
to the furface, confequently the fluid will be at left 

1192 By Art 858 it appears, that the addititious force of the fun on a 
particle at the eaith s fuilace the force of giavity at the earth s fuiface tfu. 
fquaie of the periodic time of a body revolving at the eaith's fuificc the 
fquare ot the periodic time of the eaith 1 3 8604*600 = w, and tints (without 

my fenfible error in the prefent cale) we may take foi the ratio on any parLof 
the earth s fur face, confidercd fiift as a fphere, and then only difhubed by the 
lun and moon Let therefoie P-w, m= £, and put OP OE 1 1 

then 
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then as m n OP OE i i+d , we have H^i+d, fil^o (977, 97S) 
i + U 1 V)d % w £ = w x 1 - , rf hence, by fubftitutmg in the laft 
uncle w + i wyi-'t-z-id l vd r, and, by neglcdtmg the terms 

wheie d entus on account of then extreme fmillnefs, * e get ci= UL _ 
1 4W-10, 

(negfcdbng 10 on account of its tenallncfs) = l the. part of the 

earth’s radius which expfefils the difference of the two femidiameters hence, 
as the radius =^964 miles (1009) we have d= 2 0^3 feet for the effedt of the 
fun m elevating the tides Now (8 .,61 the effedt of the fun is to that of the 
moon as the cubes of their apparent diameters and denflties conjointly , and if 
we take with Su I Newton their mean femidiameteis to be ^ iz and. 
31 16 i then cubes will be as 1 1091, and (10^8) the denfities am as 
1 2 44 hence 1 1 091 x 2 44 2 033 5,412 feet, the height to which 

the moon will i-ife the tides When thuefoic the fun and moon uo m con 
jundlion 01 oppofition, in which cilc they both tend to 1 ufc the tides in the 
lime place, the height of the tide will be 7 445 feet Ihus we have deter 
mined the figure of the earth and the height of the tides, upon the fuppofition 
of an equilibrium in all it's paits 

1193 We have heie fuppofed that the earth was a fphere and not a fphe 

roid, but if we fuppofe it to be a fpheioid and the fun in the equator, then tho 
mean radius of the earth which we hive affirmed will be to the? radius at the 
equator as 3964 3972,5, or as 464 465 Now as the addititious foico 

varies as the ndius, it will be mcreafed at the equatoi in the latio of 464 465 
alfo, as gravity on the eaith s fuiface vanes inverfely as the diftance (984) the 
gravity will be dimmifhed in the fame ratio, hence, the ratio of giavity w to the 
addititious foice will be dirmmthed in the ratio of 46 5 464 confequently d 

w*U be mertafed m the ratio of 464 465* But w, in this cafe, inftead of 

bung = P will be lefo in the latio of the udiub at the mean diflonce to PO* 
or as 465 464, hence, d will be meieafed in the ntio of 464* 465* 

1194 It has been here fuppofed, that the high tide was under the lumxnaty, 
apd that thiyre was a general equilibnum of the wateis , but the high tide is at 
lome diftance 60m the luminary, and the waters rife and fair by a lcciprocation, 
alfo, the fiee motion-of the waceis in the open feas is hindered by fhollow places’, 
roqks and lflands in confcqucnce of which, the tides in fome of the open teas’ 
at the* time of 4 the ConJVmdion of the luminines are found' to rife only to the 
height of about three feet Thus the theory done will afford no pradbeal 
conclusions » We fholl now therefore proceed to explain, as briefly a we can, 
what M D Ber^odlei has written upon this fubjedt, os, by conedting his 

theoiy 
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theory by obfeivauon, he his been enabled to deduce practical rules for finding 
the times and height of the high tides 

1195 Let gbhd be the fuiface of the eaith undifhubed by the fun or moon, 
and fuppofed to be a fphere, EP^p the fpheroidical figuic r anfing from the 
tides Let OM=i Pg=s, Eb=r,p = jy 14159* &c then the content of thr 


fpheie = and the content of the fpheroid = ^ x i-\ ) x 1 - i = ^ < 

1 \-r-is, neglecting he terms wheie j* enters on account of their fmatfnefs , 

hence, ~ x i 5 = x i+r-aj, thcrefoie 2J=r, 01 %Pg—Eb Hence, the 
$ 3 

altitude of the high tide above the level of the water if there hid been no tide 
is double of the depreffion of the low tide below therefore the middle between 
the higbeft and loweft. tides is not the height of the fea if it weie undiftuibed 
1196 Draw Ozv, and wzy peipendicular to §E, then as wo may confidei 
idie angle zvio a right one, the triangles zvw y zyO will be fimilar, thcicfoic 

zO zy Zw Zv=zwx^ Let Oy-s, Oz = b, then zy=s/F - 7 , and 

it OE—OP=m, then (1195) bE = 3 m, an&Pg= 3 m, and by the property of 
OP =- b- . m 


the ellipfe, yw — '^x •/Eyxy£^= j^r~^ xb+ 3 m+s = 

(by dividing b— 3 m by b-\ 3 m and exliadhng the loot of the quantity under 
the radical fign, omitting the teims wheie the powers of m above the firfl. enter,) * 

1 — - x s/F^?+ = s/b % -s + x m very nearly, from 

which fubtradt s/b -s'=zy, and there remains ^-^j=== x t» = z l w, hence, 

zv= x m Now Eb = \m, hence, Eb—zv= a m — r — x m 5 = 

3 “ 3 ° 

h % *• 

r . L x m , confequently die falling of the water from die higheft point is as 

die fquare of the fine of the hour angle fiom the time of the high tide, E being 
a point in the equator to which the luminary is vertical When zV===o, we 
hive 3 s - b =30, hence, s-bs/^- (if =s> 1) 0,57736 tie cofine of 54 0 44' 
the angle EOM, the diftance of the high tide from the point wheie the wajjr 
is at the fame height at which it would have been if thefc had b^cn no tide 
XJ97 If we fuppofe both the fun and moon to be in conjunction at 
and if m=.OB— OP arifing flora the fun, and »=the difference ciufed by the 
moon, then if we take thefe quantities at the time when the fpn and moon are 

at 
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at then mean diftances, at which time wc may confidei then appaient femi 
diamejeis as equal the cf efts produced will be os then denfities (856) then. 


foie then dentines will be a s « 


n 


Hence (1196), zv = 


?s - b B 

lb 


xtn - 1 


4 


£ 1 

V .—. — \ n the altitude fiom the joint efflfts of the fun and moon when in 

o b 

conjunftion or oppofition 

1 15)8 If thetfun and moon be not in conjunction, but the fun be veitical to 
E and the moon to F, then if t be the fine of the angle Fpz, the altitude zv 

x « Now to find at what point 


V ~ b 


of the tide at z will be — x m + — . 

3 P $0 

the tide will be higheft, we mult make the fluxion = o , hence mss Ymr=o 

Put ^=the oic bz, « = the aic Fz, C and c then idpeftive cofincs, then 

C , c . . r , n ntsC a , nrc 

s = -fiX-At and r— ^ x a , lienee, by fubftiiuuon, —j~ x A + x a = o, 


but as A+a is conilant, A +a = o, theiofoic a — - A , confequentiy tnsC= 

nrc But jC— - xfin 2 A, and rc=~x fin 2 a, thcicfoie wxfin zA—nx 
2 2 

fin za or m n fin 2 a fin 2 A Hence, we have only to divide an aic 

%bF into two parts, that the latio of the fines may be given, and the half of 
each pait will give bz and Fz To do that, let bac=zbF, diaw bt parallel 
to ac, and take ab be m ft, and join at, and it will divide it in the ratio 
lequned And to compute the two paits, in the mangle abe we hive the 
angle abe the fupplement of the given angle tab, and the latio of ab bt as m 
n, hence, n+m it — m tan \ eab+atb tang \ eab — atb, theieforc 
wc know the angles iheuilclves Thus we get the point where the tide is 
If the aics A ind a be veiy final], lo that the fine may be taken foi 
the aics, then m x =« x 2 a, or m x A =11 x a, and hence, in ft a A 
M D Bernoulli has folved this ptoblem analytically 

H99 M D Bernoulii piocecds fiom hence to find the latio of the 
denfities ip n m the following monnei Conceive on one day I he fun and 
moon to be m conjunftion at L, and the high tide at L when they ire on tin 
meudian Now o> mean lumi day being 24/; 50 la Uo fuppofc the next day 
yh«n the fun is letuined to F that the moon is got to F, to that the earth 
lioSHo dcfcuix arr angle of (jo of time befoic the moon corat to the meridian 
Now the gieatcfi, tide it z h is* been found fiom the m an ot a gre iL nurabci ol 
obfwvauois, to be liter thcfunpifled the mmdiiu Ik nee is thefo ire 
bz Fz aic fo imoll thaL they may be taken as then fines we l ivc, by the 
Vol II Jr Mil 
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MtAit.de, m » is' 3i', therefoie #=ff ra=e > Theirc Ft Ihow 

the time of the high tide fiom the tianfit of the moon ovei the mctidian We 
mu compute this latto at any pofiuon of the fun and moon only bj confider 
jng how much in time the moon recedes fiom the fun in a day, and hoy/' much 
the high tide one day precedes that on the next and thence find J^z and 
bz When the fun and moon ait in quadiatui.es, if A = 90 , then a = o , foi 
in this cafe fin zJ=>-o=nx fin %n agieeable to the conditions , hcncC, in 
thi fituinon the tunc ol the high tide would be at the pafftgS of the moon 
ovei the mcndian Afteiwaids the point Z of high tide will lie on the pther 
fide of b Hence, from fyzygies to quadratures the high tide precedes the 
time of the moons paffage over the meudian, and fiom quadratics to fyzygies 
it follow it Now in quadiatuies, the difference of the times of the two 
tides was found to be 85', therefore we have, m n 85-50 85, confe 

quently « = ~ x m = 2 From the mean of all the iefults,-M D Ber 

noulli concluded 11 = 2 §m, which agiees very well with that deduced in 
Art 1038 fiom the preceflion of the equinoxes, and the nutation of the earth 
ras The method ufed by Sir I Newton to dcteimine the ratio of m », 
was by obferving the gieitcft («) and lead (b) afeent of the wateis from low to 
high tide at the veiml and autumnal equinox m conjundtion 01 oppofition 
and m quadiatuies, and then as the efiefts of the fun and moon aic in pio 
portion to then denfitics, then mean diametcis being neail y equal, we have, 
n L m tt-tn a b hence, « m i a-Yb J a-b By tins method 
S11 I Nlwton found n m 3$ 1 from obfervations made at Briitol 

tiom obfeivations of a like kind made at St Malo, by M Thouroud, it 
ippeaied tint » m i~ 1 The ratio of m and n heie found lepitfents the 
proportional difiurbing 'forces of the fun and moon at their mean diftanccfl^ 
where we fuppofed their apparent femidiameters equal, and confequcntly they 
will alfo lcpielent then dcnfilies But at any othei diftances, we mu ft add 
to this ratio that of the cubes of then appaient dnmeteis Hence, when, the 
moon is in it s pengce and tho earth in it’s aphelion, the ratio of itt it will be 
aery nearly as 1 3 , and when the moon is in it s apogee and the earth in it’s 

pcnhclion, it will be neaily as 1 2, we will theiefore take thefe two linos 

for the limits of the tatio of m n The great difference therefoie in -ihq, 
refults of the ratio of ft itt fiom the obfervations at Bfiftdl and St^Mrfo, 
cannot be accounted foi from the diffeience which may poffibly take places 
and theiefoie the method of Sir I Newton gives a conclufion which is fiib}e<fr 
to too great a degiee of inaccuracy to be depended upon Fiom the agreement 
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conclullons found by M D Bernoulli with tint deduced in Ait ’ 
we may fyppofc the den G ties of the fun and moon as i af is bung 
ly vciy ncai the tiuth 

3 Hence, by computing the angle EOz> or FOz, foi eveiy day from 
v or full moon, wc might get the time of the h’gh tide when complied 
ie palTage of the fun or moon ovei the meudian , ind thus, fiom tlicoiy 
^fit conftiuft a Table, thowing the times of the high tides, if, as we lme 
d fuppofed, the whole effeeft of the fun and mocu upon the witeis took 
mraedntely upon the opeiation of the caufe, and that an equilibrium 
waters was the confequence But although the fun and moon e\cit 
■eateft influence when they are in the meudian yet they continue to 
ie time aftei from which and the ineitn of thewatci, it htppens 
e high tide is not at that time, a Table therefoie conftiufted upon 
alone muft neceflanly want to be coneded We flnll theiefoie 
the punciples upon which M D Blrnoulli Ins applied this 
on 

When the fun and moon aie m fyzygies b it Biefl, it appeals, fiom Fir 
an of a gieat numbei of obfervations, that the high tide happens it 24 6 

, and when the fun is at b and the moon in quadiatuies oxg, it happens 
.o', the difference is $k 11' This diffeience was obfeived to be the 
Dunknk, and at other poits, although the abfolute times were different 
t us confider what is the diffeience fiom thcoiy When the fun and 
ie in fyzygies at b, the high tide is at b at that time, 01 at 12 o clock 
:he moon is m quadratuies at g, it is low tide on the earth at b now 
be euth is revolving about it s axis fo as to bring this point at b up to 
>n s the moon is got to J about fiom £ and by oui computuion 
the point z of high tide is ibout ? beyond v , hence, the point on the 
b at low tide muft defeube an aic bz of 95 bcfoic it be it the high 
Lich aic it defonbes in 67 / 20 This intei val of the two tides theiefoie 
101 y doe not agiee with obfeivation 1 ike the point F at 20 befpic 
.uppole the moon to b in F and the lugh tide by theoiy to be at z' , 
y computation, this hlppens at nh 2, lunai time Now let us lake 
bcfoiej and fuppofc the moon at F and the high tide at z then, 
mutation, this is found tolnppen at 3 h 59 J lunar time, which gives 
val of 4 h lunar time, 01 $h 8' folar time 1 his theiefoie agitcs 

l^uth the mtePval between the times of the lnji tides when the moon 
njundhon and quadiatdics Hence, to get the tiue intcival of the 
‘the*tides, we muft compute fiom oui theoiy, by fuppofing the moon 
.nd its true pi tee, and then we Hull get the tiue intcival, agreeing 

ee- with 
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with oblcrvahon Hcikc, the following Tible was computed, the firft 
column of which thows ihe moon s true difhnce fiom the fun when the moon 
o-ifle the mcndian, for eveiy io from conjunction to oppofition, the nett 
Jhiec columns fhow the times of the high fca m iefpe£t to the paflag» of the 
mopn ovei the meridian, for the pengce, mean diftance and apogee of tho 
moon, and the laft thiee Ihow the abfolute houis 
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ON THr TIDES 

A TABLE 

Fst finding the Time of the High Ttdei 


Titf'e of High Tide befoie and after the 
p^Q&ge of the moon over the mendian 

t 


g of 5 Mean Dift d Apog of d 


j8 after 22' after 27 §' after 


9$ after n 2 after 14 after 



True Time of the High Tide 
nearly 


Pei of ^ Me Dif 2 Apo of d 


o h 18' 


1 20 


9J befoie 


18 befoie 


26 befoie 


33 before 


37i before 


38$ befoie 


j3i befoie 


21 befoie 


21 aftei 


j/ •vftci 





11 j befoie 


22 befoie 


3i§ befoie 


40 before 


45 before 


46f befoie 


40I before 


-3 before 


2 j, after 


405 after 


46 j aftei 


45» iftei 


14 before 


27 i befoie 


39 1 befoie 


50 befoie 


56 before 


38 befoie 


50$ before 


3 1 befoie 


^ 54 


4 4i4 





26 after 31^ after 


18 alter 22 oftci 


3 1 after 


50! after 


58 after 


36 aftei 


30 aftei 


39* 


5 ^61 5 


6 19 


8 ? 1 8 2 j 


MB 


3 


11 46 


0 

2 7 i l 

0 

54 

1 

20 

I 

46 

2 


2 

4o-t 

3 

IO 

3 

44 

4 

22 

5 

m 


9 

7 


0 

•>1 

9 

3°* 

10 1 18 

10 

5 6 

11 

3° 

II 

59* 

0 

27^ 
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OH THE TIDES 


1202 This Table gives the tiue interval of the tides, and alfo the time 
veiy ne aily, upon fuppofition thit the luminarie aic in the equatoi f^md that 
the eftcft could take place a fuppofed in the theoiy But from the incitia 
of thewatei, and the obftiu&ions it meets with in its pillage fiom locks, 
brands, Ihoies, &c this Table cannot exhibit the abfolute time of the high 
tide at eveiy poit, which muft vaiy according to the effcdl of thelc circum 
ftances although it Ihows the diffeience of the times To dcteimine tlfeicfoie 
the- true time it iny p*ut, we muft find from obfeivation what is the diffeience 
between the tiue time and that fliown by the Table, and then that diffeience 
added to the time fhown by the Table will give the time of the high tide 
Foi the fame obftacles remaining, there muft always be nearly the fime letai 
dations , the greater however the tides are, the lefs the fime caufes will retard, 
and the left they aie the moie they will retard , and occoidingly it is found 
fiom obfenation, thit thehigheft tides always come fooner to then height, 
and the loweft later, than the calculations give it, the above diffeience being 
determined fiom obfeivations on the mean high tides The declination of 
the luminaries, as it alters the quantity of the tides, and alfo then duedtion, 
will caufe fome fmall vanation of the diffeience, and the different diiedpi of 
the winds muft have ilfo fome effeft 

1203 But befkles the fmall vanation of difference anfing fiom the deck 
nation of Lhc tun and moon foi the lealons in the laft aiticlc the time will 
alio be allcicd fiom hence, that is bg is not the equitoi the 11 cs upon it * 
will not be the mealuics of the hom ingle As the moon s oibn makes blit 

a fmill ingle with the ecliptic, wc may fuppofc them to coincide Hcncc, 
when the moon is in the equatoi , the aic of the moons oibit included be 
tween two metidians the conetponding aic of the equatoi 1 id cof 23 \ , 

01 as 100 92, and when the dcdmatior is the gieateft, thcfc aics aic as 

cof dec xad 01 as 90 100 Hence, the numbeis in the fecond, thtfcd, 

ind fouith columns muft in the formei cafe be multiplied by ind in the 

laltei by Veiy neaily in the middle pon-t between thcle uaucfhs the 

arcs will be equal ind foi any intcimedute points, wc may compute the mul 
Upliei by the Note, Ait 128 

I'm 1204 Fiom the value of zv in Alt 1197 wc nay compute the altitude 

244 of the lea at any time, and by Ait 1198 wc cui find the pqjnts jyherC the 
tide, is higheft, and at 90° from thence it is loweft *1 hus we can find the 
altitude ot the higheft ind loweft tides foi ill times, fuppofing (vs in Ait 
i2oi ) the moon to be 20 behind it s true place But this can only give the „ 
relative altitudes, the true altitudes varying very much in diffeient puts, from 

then 
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2^3 


* 

their fituation M D Bernoulli therefoie puts A and B for the mean 
height of the high tides when the lummaucs are in conjunction 01 oppofition, 
ind when they aid* in quadratuies, to be determined from obfeivation , the 
height of the tide being the afbent of the water fiom the low to the high tide 

A B A — B 

Hence, m=A i n~m = B, theiefore « = , m=- , and putting 

2 1 2d 

thefe values for it and m, he has conflruCted the following Table, the fiift 
column' of which Ihows the diftances of the fun and mpon, at the time the 
moon p fies the meridian, and the othei thiee fhow the height of the high 
tides foi the perigee, mean diftnnce, and apogee of the moon * 
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A TABLE 

To slwv the Height of die High Tidcf 


Dift 

All m perigee 

Alt at Mean Dift 

Alt in Apogee 

o 

0 995*4+0 149.8 

0,883/4-1 0,1178 

0,795/4 + 0,0828* 

IO 

1,164*4+0,0388 

o 970/4+0,0308 

0,874/4-1 0,02x8 

ao 

1,138*4 + 0,0008 

i,ooo* 4 -l 0,0008 

0,901/4+0,000 8 

30 

1 104*4 + 0 0388 

0,970/4+0,0308 

0,874*4 -1 0,0218 

40 

0,995*4+0,1498 

0,883/4-1 0,1x78 

0,795/4 + 0,0828 

5 ° 

0,853^ + 0,3198 

0 750/4+0,2508 

0,676/4-1 0 1768 

60 

0,668*4+0,52 ,B 

0,587// 1 0,4138 

0,529.4 40,2908 

7 ° 

0,460 A ho 7498 

0,413/4 ho 5878 

0,327*4 ho 4128 

80 

0 284*4-! 0 9588 

0 250// | 0,7508 

0,225*4 ho 5278 

90 

o,Ij3/4+i 1278 

0 1x7/4+0,8838 

0,105*4 ho 62x8 

IOO 

o,o 3 4 / 4 +i 2,88 

0 OjO/4+0,9708 

0,027*4 -| 0,6828 

IIO 1 

o,ooo /4 h 1)2.778 

o,ooo/ 4 +i, 0008 

o,ooo /4 + 0 7038 

120 

0,034/4+1,2388 

0,030/4+0,9708 

0 027*4 + 0,6828 

IjO 

0,133 A 1 1,1278 

0,117/4+0 8838 

0 105/4-1 0,6218 

140 

0,284*4 + 0,9588 

ft 

0 -50/4 ho, 7 50 8 

0,225*4 1 q.5 , ’78 

T 5 ° 

0 zj 6 a /4 1-0,7498 

0 413/4+0 5078 

0,372*4 1 0 4128 

160 

0,668/4 40,5278 

0,587/4 ho 4X38 

0,529*4+0,290#* 

tyO 

0,853/4+0 319S 

r 

0 750/4+0,2508 

f* 

0 676*4+0 x /68 

180 

0,995/4 ho 1498 

0 88^/4 + 0,117 8 

r r 

0,795# 1- 0,0828 
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4 25 

It is mamfeft fiom this Table, that the higheft tides are when the moon has , 
pafled conjunttion 2.0 , 01 about ij days after, and the loweft tides when the 
mooil has fo fair, polled hei quadi ltnres 


1205 We come in the next place to confider the effedl anfing from the 
declination of the moon It appears by Art 1196 that the fall of the water 

1 ^ 

fio^h E to v~ - ■ pi- x m, theiefoie at P it is=w, hence, m - -- j - x m 





w=the rife of the water from P to v, put theiefore f=the cofine of the 


angle EOv to radius unity, and we have c w=the height of the water above 
the loweft: point 

1206 Let GBAH be a meudian of the eaith paffing thiough the moon 
vertical to B, AG the axis of the earth, DMK the equator, and GEL any pa 
rallel to it, and afiume E any place , then will the diamelei BH be the axis of 
the fpheroid which, as it diffeis but veiy little fiom a fpheie, may be legoidcd 
as fuch, fo fu as lefpedts the triangles on it s furficc Put theiefore udiua= 1, 
S = fine of AB C = it s cofine, s = fine o£AE,c=\t s> cofine, y = cofine of the ingle 
BAE, and q - cofine of BE, then, by Sphei ical fngonometiy q = Ssy + Cc, 
therefore, by the laft Article, Ssy+Zc xm = the height qf the water above the 
loweft point Hence, we may confider the following cafes 


Fia 
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' I Let e be the point where the water is loweft , then Ssy+Cc=o, hence 

y — — ^ the cofine of BA e 
J is 

II When jO=s and c=S then y=-i therefoie the angle CA e=iSo*, 
and confequently e coincides with L Hence, when the latitude of the place 

“'-the complement of the moon s declination the low tide happens at L, diftant 
fiom the high tide at C twelve houis , in this cafe therefoie theie is only one 
high and one low tide in twenty foui horns 

III When i is lefs than-C 01 when die diftance of the place from the pole 
is lefs chin the moon s declinalion, then Siy Cc x pi qcvei can become =0, 
within the limits .of y Hence the altitude di miniflies from the paftage of the 
mpon ovci the meudian to the oppofite meudian and conlcquently flora the 
pnallel whtife ckftmce fiom the pole = the moons declination to the pole, 
theie is only one high and “one low tide m twe nty fou r lunar houis And if 

^ we make y = 1 , and y ~ ■— 1 , we hat e 6 s -\-Cc x w — ■ Gc~ is x 4 SsCifli 

fbi the difference of the altitudes of the two tides 

• Vol II r j IV When 
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ON tHE TIDE? 

IV When the declination of the moon is pqual to the latitude of the place, 
S=s, C=e, and make y=i , hence, Ss + Cc=S H C =i, therefoie the. 

Cc C 

greateft altitude = w , alfo y (Cafe I ) = — =■ =cof BAe 

V When the moon is m the equatoi, S—i, C= o, and the dtitude of the 

tide e= s m, which therefore vanes as the fquaie of the cofirfe of fatitude 
Hence, in this cafe, at the pole theie is no tide 

VI The height of the tide when the moon poflesthe meiidian = 4 j + Gi,.<w, 
and when the moon is al the oppofile meudian the height is ~Ss+Gc'xm 
Hencp when the mpon is m the cquitoi C= o, and the height of both tides 
are equal To a place on the noith of the equitor, when the moon has fouth 
declination, C becomes negative, and the Intel tides aie the gieateft, but 
when the moon has north declination, C is pofitive, and the formei is the 
greateft Hence, to us jn this cafe, the high tide is gieatei when the moon is 
above the horizon than when below In all cafes, e is nearer to 01 fuithcr 

from C, according as y ( — is pofitive 01 negative The difference of the 

two tides is always = 4 SsCcm 

VII The height of the two tides when the moon pafles the meridian being 
ZT+Cc*xm and - HT+Cc x m, the mean height is S*s +C c xm 

VIII Hence the fame noith and fouth declination of the moon give the 
fime moan altitude This is confiimed by obfervations 

IX In latitude 45 , S =G = §, hence the mean altitude = J x J +c y m 
— \m, theicfore whateiei be the declination of the moon, the. mean altitude 
is in this latitude always the fame Hence, in oui latitude the me in Uut&dc 
Will vaiy but very little 

X Under the equitor, the mean height = 5 * pt, which theicfore vanes os the 

fquaie of the cofine of the moon s declination , 

12,07 Asjhe bdes life fiotn the colledling of the wateis on the whole fin 
face of the main fea if theie be any quantities of wattf fcpai ited fiom it, the 
Jh 10 variation muft be piopoitionally fmallci For if be a fmall fuifade of water 
244 detached fiom the reft its furface will put on the figure vs finjilu to dt, 
confequently the valuation xr fiom the mean altitude muft be veiy fmall 
Hence, theie have ncvei been any tides obferved in the Cafpnn fea, foi from 
the dimenfions of that tea, the greateft altitude will not be abow. 1 1 inches ✓nl 
the eaftern and weftein eitiemities, according tor-M de la LantTl, who has 
corrected an error made byM D Bernoulli in *us computation, and,, it 
is mamfeft, that the middle of the fea will never be offe&ed Veiy fmall tides 
have been obferved m the Black fui, which, from it s connection with the 

Metjitumcan 
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Mediteiianean lea only by aaeiy Inull pafl gc, maybe conhdued as a ck , 
tached fea The Mediteriancan fea is connefted to the main fea only by a 
nairoflr pillage t Gibroltoi, fo that only a fmall quantity of tide fiom the open 
fea can flow in, and the fea ltfelf is not large enough to pioduce any very 
fcnfible tides , accoidingly we find the tides there to be but vei) (mail The 
bell obleivatiohs are thofe which have been made by M le Chevalier d Ampos 
at Toulon, fiom whieh it appeals that the tides pioduce a voiiation of about 
oneifoot in the height of the water There were fiequently greater variations, 
but tljofe appealed to aide fiom high winds 

1208 The general phenomena of the tides from obfeivation agree, very 
well vWch the conclufions deduced from the theory of gravity indeed much 
moie accuiatcly than could hat e been expected, when we confidei how many 
circumflances theie aie which take place, and which cannot be reduced to 
computation The theory fuppofes the whole lurface of the earth to be covered 
with deep wateis— *that theie is no ineilia of the waters — that the majot axis 
of tl t fphaoid is conflantly directed to the moon, and that theie is an equili 
bnum of all the paits But the ineitia of the waters will make them continue 
to ufe after they have pafled the moon, although the adtion of the moon begins 
to decieafe, and they come to their gfeatefl altitude in the open feas about 
three hours aftei, at which time there is not a general equilibrium, but the 
■waters rife and fell by a reciprocation , hence, the longeft axis is not diredted 
to the moon, noi is the figme a peifedt fpbeioid-*-The waters have not a free 
motion on account of the fhallow places, locks, lflands and continents, the 
force of cutrents and winds, alfo, os the waleis appioach the equatoi where 
the .parth has a greater velocity about it s axis, they mufi. neceflarily be left 
behind and obftrudt the legular motion of the watei when it moves from weft 
to caft, but oonfpne with that fiom eaft to weft All thefe cncumftances 
muft vffedt the meafuies of tile phtenomena as deduced from theory , it may 
nowevei m many cafes give the relative meafuies without any great erior, fo 
that by accmate obfervations once mode on then abfolute quantity in fome one 
paiticulai cafe, the meafijres, in all othei cafes, may be afcertained to a con 
fidei'Vble degiee of accuiacj „ 

1209 If a place communicate with two feos, 01 has two inlets to the feme 
* fea, two tides may amve at that place at different times, and oroduce vanous 

phsenomeni An inftancc ol this kind takes place at Batfha, a poit in the 
kingdom of l unquin if! the Eaft Indies m 20 50 noith latitude The day 
in which the <noon paflcsjhe gquatoi the water flagnates, as the moon recedes 
from the equuor towaids the noith, the water begins to life and fall once a 
day and it is high water at the felting of the m°° n > ^ud low water at it s 
fifing This daily tide increates foi fix or eight days, •’and then difcieofes for 

• 1 r 2 the 
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the lime time by the fame degiecs and the motion ceafes when the moon ha 
returned to the equatoi When it has pafled the equatoi and approaches the 
fouth pole the water rifes and falls as befoie but it is now hfgh watci at the 
nfing, uid low watet at the felting of the moun Sn I Newto i thus accounts 
loi this phenomenon Theie are two mlets to this port, one fiom the Chinefe 
oce*n between the continent and the Manillas, the othei fr6m the Indian 
ocean between the continent and Borneo , and he fuppofes that a tide may 
arrive at Batftia through one inlet, at the thud hour of the moon, and through 
the other inlet, fix Louis aftei and fuppofing thefe tides to Joe equal one 
flowing in whilft the other flows out the water muft ftagnate Now they aie 
equal when the moon is in the equator , but as the moon begins to decline on 
the lime lide of the equator with Bat On, the diurnal tides exceed the nodtuinal 
(is appeals by the foregoing principles) fo that two greater and two lefiei tides 
muft amve at Batfha by turns The difference of thefe will produce a motion 
of the water, which will rife to it s greateft height at the mean time between 
the two gieateft tides, and fall loweft, at the mean time betweefi the two loweft 
tides , fo that it will be high watei about the fixth houi at the fetting of the 
moon, and low water at it s nfing When the moon h is got to the other fide 
of the equatoi, the nofturnal tide will exceed the diurnal and therefore the 
high watei will be at the nfing and low water at the fetting of the moon 
Thefe principles will account foi other extiaoidinaiy tides which are obfervedr 
in thofe places whofe lituation expofes them to fuch megularities 
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* CHAP XXXIX 

ON TIIE principles of projection, and the construction gr 

GEOGRAPHICAL MAPS 


Art 1210 rpHE projedhon of an objedt is it’s rep«:fentatj,on upon a 
X phne and is formed by drawing lines from the ej e to the 
plane through eveiy point of the objedt and according to diffeient fitu itions 
of the eye, the objed and the plane the ieprefentations will be diffeient 
The piojedhon in ordei to be peifedt, (hould be a peifedt reprefentation of the 
obied that is the piopoition and lelative fituation of all the parts of the 
fieure fliould be the fame as in the objedt, but in the conftrudhon of 
googiaphicil maps this is not pradlicable, it being impoffible to give a true 
lopiefenution of a fpherical fuiface upon a plane, retaining the true pioportion 
of the figuies, magnitudes and pofitions of the countries with the lelative 
degiees of latitude and longitude We will firft Ihow the punciples of the 
different piojedtious, and then apply them to our prefent puipofe 


On the Orthographic Projection 


1 21 1 If the eye be fuppofed to be at an indefinitely gieat diftance, lo 
that all the lines diawn from it to the ob]edt may be confideied as paiallel, 
and olfo perpcndiculai to the plane of projection, the piojedtion is called 
Oi thographe 

1212 The figuie of a ftraight line AB is a ftraight line in the projedhon 
Foi ch tw AL BD perpendicular to xy the phne of the projedhon, and join 
ED, and it will leprefont the interfedhon of the plane palling thiough EABD 
with the plane of projedlion diaw mn perpendicular to ED , and « is the 
piojedtion of m , thus it appeals that ED is the projedhon of AB Diaw AC 
pirajlcl to ED, i,hcQ ACDh is a parallelogram, and AC=ED , AC may 
tlierefoie' icp'efent the projedlipn of AB Hence, if wo want Lo make the ie- 
prefentation upon a plane at a difttnce from the body it will be all the fame if 
wc fuppofe the pline lo touch the body the puallelifm of the plane remaining 

the fame „ 

* 1^13 The 
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ON THL PriNfilPI-LS OT PROJECTION 

1213 The figuie of the piojedhon of arnde is an cllipft F01 let dBC 
be a fcmicude conceived to be inclined to the plane of the pipu, which we 
will make the plane of piojedhon dnw BE pci pend icukr t*> that plane uid 
ED, BD peipcnj^cular to the diameter AC, then ED is the piojedhon of BD 
(1212) By the piopcity of the cucle, AD x DC = BD but is the augle 
B DE is conflant, being the inclination of the circle to the plufe ol piojedhon 
BD is to Dh in a conftant latio, namely, that of ladius to the cofinc cf BDE, 
theiefoie QE vanes as BD, and confequently DE vanes as BD , hence, 
AD x DC vanes is DE*, which is the piopert) of an ellipfe jhe cuive AEC 
is thpiefoie an ellipfe And by the laft article it appeals, that the piojedhon 
will be the fame, at whatevu diftance the cucle is fiom the plane ol picuCelion 
Let O be the centei, and draw OF, peipendicular to AC, then 0 ^ is 
the minot axis, hence, to the radius of the circle, the minoi axis is the 
cofine of the inclination of the cucle to the plane ot projection If the rucle 
be paiallel to the plane of piojedhon, the piojedhon will be a cude equil 
to it 

1214 By the pioperty of the ellipfe and circle, the aiea ABC the aiea 
AEC BD ED rad cof BDE hence, the area of the cucle will be 
dimimfhed by this piojedhon in the latio of radius cofine of the inchnition 
of the plane of the body to the plane of projection And this muft mamlcflly 
be true whatever be the foim of the body ABC (confideied as a plane), bcciuhp 
eveiy line m the body is to its conelponding line in the piojedhon in thiL 
latio Alfo, the piojedhon is not fimihi to the body Hence, equil puts 
upon the fuifacc of a fphere will not be projedted into parts cithei equil 01 
fimilai 

1215 If ABC be perpendicular to the plane of projection, E and D com 
cide, and D is the projection of B , thus the cucle ABC is pro'edted into it s 
diameter, the arc AB is piojedted into it s veried fine AD, and BP is piojcdled 
into D 0, which is equal to the fine of BP, 01 the cofine of AB If AB = 60 ? 
then BP = 30 , and AD=DO, thefe two aics theiefoie, one of which is 
double of the other, have their piojedtions equal This piojedhon is uftd in 
the conftrudhon of folai edipfes, Chap XX 11 I r 
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* On the Stereognphic Pro/e£lm 

1216 Let ap eye be fituated my wheie upon the fin face of a fphere, and 
flora it diaw a diametei, and peipendiculai to this diametei diaw a gieat cncle, 
then if all the ciicles in the hcmilpheie oppofite to the eye be projected upon 
tjiat great circle by lines diawn to the eye, the piojeCtio 1 is called btereogi aphic, 
and the point oppofite to the eye is called the Pole 

1217 Let E§PR be a fpheie whofe centei is 0 , E the place of the 
eye diaw the diametei EOP , and QOR peipendiculai to it, repiefenting the 
plane of piojeChon, diaw ECA EDB and join BO Now DO is the pio 
jeChon of PB but DO is the tmgcnl of the angle DEO = \ BOP Hence 
the projection of an aic meafuied flora the pole is equal to the tangent of half 
that aic 

1218 Conceive the choid AB to be the diametei of a cncle defiubed upon 
the finface, and let AEB lepicfenl a cone having tbit cncle foi it s bile Diaw 
B<G paiallel to \R then the aic LB — LG thciefoie the angle EAB=EBG 
= (as BG is pai illcl to $R) EDC thereloic as CD, Ah lepiefent two feCtions 
of the cone cutting its fides at the fame angle, the feCtions mull be fimilai , 
but the feCtion AB is a circle , thercfbie the feCtion CD is a circle Hence, 
the projection of every circle is a cncle 

1219 Join then BG being the diameter of a cncle paiallel to the 
plane of piojeChon DH will be the diametei of the cncle of projection, whole 
center is 0 Hence the piojeChon of all cncles panllcl to the plane of pro 
jeChon will be concenluc cncles, thertdn of which aic che tangents of half 
the dillances of the circles fiom the poles 

, a 220 The projection of the aic QPR is tne ftraight line QOR, and the 
lame foi eveiy great cncle palling tlnough P 

1221 Pioduee BO to I, join El and pioduce it to meet QR produced 
m K and bif <51 DK in t then confideiing BOI ts the dnmetcr of a circle 
wholi plane is inclined to th2 plane of projection in the angle QOB, DK will 
be the dilmctet of the piojcCtion of that cncle (1216) Now DK=- OA.H OD 
■=tan OFK-\ tan OED = tan $ PI J- tan 1 PB — cot t PB + t in | PB^= 

V; y = 2 cofcc PB ■= „ fee ®B, thciefoie * DK= fee °P Hence, the 
tin vi s - 

radius of piojeCtionof anj gitHt cncle is the lecant cf th angle between the 
pline of thjp cncle and thC pi me of piojedion lima thefe fuui aiticlcb it 
appears, that the piojeCtion of the paits of the lpheie will not pi ope lly lepiefent 
in magnitude and fituatidn, the paits tlicmfclv<s 

, 3222 If 



ON 1 HE IRXNCtlllS OT PROJECTION 

I2&2 If E be the pole ot the eoilh the meudnns (is they pif thiou 'i P) 
will be pLOjefted into ftiaight lines (1220) and the pai olid to i'i equato 
will be projected into cades wl ofe ccntoi is 0(1219) And if LOI lie Lhi. 
diameter ol the ecliptic, DK is it s piojcO ion (1221) This u tilled the Po/a> 
piojeftion, ind wi ufed by Ptoeemi 

4 2? 3 HE^fR be the equator, then the point on the tj 1 cie vciticil to 
O will be the pole and BOI will be the diimetei of any mciidnn And ll 
be the point fiom which the longitude is leckoncd , then the piojeftion ol 
tne udius of thtt mencfiin will be the lecint of it s longitude (j.221) 

i-»24 To find the piojeftion of thepaiill Is of latitude, let LO p ltpiefent 
the plane of the equator, the repicfentation being a ftiaight line pilling (though 
the eye, then IG is the diameter of a paialkl, the piojeftion, of which is 
HK = OK- OH = tan jW-tan \PG = cot i El- tan |PC = cot T PG 
- tin i PG = 2 cot PG Hence, the lidius of the piojeftion of tin 
parallels is the cot of then latitudes This is called an Eqttatonal pio 
jeftion 

1225 The ftereographic piojeftion is very convenient for pi aft ice, as all 
the cucles aie piojefted into cucles 01 ftraight lines, which lie moic e ifilj 
defenbed than any othei figuics 


On MLkC PiojeSUon 

1226 Let P be the pole of the earth, fuppofed to be a Ipheie EQ. the 
equator, PL, PR two meudians, mn a fmall cncle parallel to ER PC the 
ladius of the eaith, mr, nr perpendicular to it, and join EC, RC Then 
mr, nr being paiallel to EC, RC lefpeftivcly the angle mrn-FCR, henct 
by fimilar feftors, ER mn EC mr, but when the angle is given the aic 
of a degree is in propoition to the ladius alfo the length of a degice of t*h? 
great circle ER is equal to a degree of latitude, and the length of a degice ot 
the aide mn is a degiee of longitude Hence a degiee ot latitude a degice 
of longitude EC mr ladius cofine of latitude 

1227 In this piojeftion the Ipheie is piojefted upon a plant and the 

meudnns LP, PP aie piojefted into fliaight and paialld lines, confequcntly 
P in the piojeftion rnufl be at in infinite diftance from In this Cl ^* 

die aic mn being the fime foi all latitudes the length of a degree of longuuA 
is eveiy where the Time, to prefeive theiefore .the pioper proportions bt twee 11 
the dcgiees of latitude ind longitude, the degrees ot latitude mufl^ineieite 1 
jou go from the equator, to that they may always bf to a degiee 6f longitude 
in the piopoiUon ot radiu u fine of latitude 
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1228 Let P be the pole, L the equitoi PC^ the avis of the earth, C the , Fig 
centei, m a place on the tmface, draw mr peipendicuhr to and join .mC, a 

Pat Cm=\ = Cr (the fine of Em the latitude of m)-y, and the 
length jof En on the projection ex, called the Meudtotnl Pats Then 


( 1727 ) s / 1 — J* ( co ^ ^ ) 


X 55 = 


but jc = 


hence, z 


_ „>y ^ 

r*-y 



</t — jy a/* 

therefore « = jxhl ~ + cw =' 


h 1 


r+y 




+coi But by plane Tugonometij, \/ 1 {mr) ) +y (> Q) 

■ y 

( n( j ) rxr+y _ f x ^/'L+X the tangent of the angle rw^=cotan of 
, rfuL-com of hvlf the complemenc of latitude Hence 

^y< T +7 _ cot * 10 i com P la - f confcqucntly z— rxh 1 ■ “ 

+c r J 'batwhcn Z Io, cotan 5 comp It, -r thereto, = the left equal, en 

Becomes o=r*h 1 |coi=rxb 1 i+eer =o+co, confcqucntly the 

i ...a 1 com 1 CQro P ^ lt - h ] cotan f comp 
coire£tion=-o, hence, z— t x u i r 

Ur rvh 1 r the length of the mendnn Em on the piojcdhon If theicfore 

* ;L the latitude L,a 3' 9° • « ^ fcowrng 

the length of the median on the p,o,ea,on fo, eve.y degree of lamude In 
nionnei it may be conftrefted fo, eae,y mmutc Such a Table la called 

a Tabic, of Mendtond Pats 

1 220 If we take the caith of it s hue figuie, that of a fphcroid, wc may 
compute the meudional path upon the fame pnnaplcs but wc fhall not here 
’ >c P the inveftigahon, os we only want to explain the natuie of f Uiib piojcflLion, 
fo lar as it miy be necefiaiy to fhow how the Units uc conftrufted It we 
it -«■„ T Newton s ratio of the dumctcis of the cuth foi 50 lvutudc 
Ac SLeetf the memhqpal put, on a fphe, tnd Iphuold will not be above 
i“ b nait of the whole It is minifUl that this piojedhon cannot yve 
th tiuepiopottion of the parts of the eallh, for the hgdic ot the put hRnm 
on .1 e P-ojeftion would be a paiollelog.am It . howeicl vc.y convenient fo, 
' J | f the iumbs aie til piojc&ed into flnight lints, for the 

Pi*l >■*'» the line which cuts them all « 
Tft“ rnTrnua? a ftiaight hue, which is the p,opc,t S ol the ,umb 

(1^0 
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0-1 rm covstructig-n of maps 


On th Conjh nflton of Mapi r 

730 A imp is the u. pi dentation of the whole, 01 pait of tfie furface of the 
eaith upon a plane and to be pcifeCt it ought firjt, to (how the tiue: latitude 
and longitwle of evuy place fecondly it ought to Ihow all countne of "then 
piopei figures and magnitude thidlv the relative fituations «f the countne 
fhou^d be tiuly lud down But all thefe cucumftapces cannot take place m 
any conflniClion as has bean alicady obfcived, confequently no map upon 
a plane can be a true repi dentation of the countries upon the earths fui 
face 

1231 A Rtmb upon the globe is 1 line which cuts oil the meridians at the 
Big fame arigle Let EQ.be the equatoi, P Inc pole, PE, PR two mendians, 

253 and Asmv a rumb then the angle Psm = Pmv Diaw the fmall circle mu 

paiallel to EQ^, and conceive PE, PR to be indefinitely near each othei , 
then we may confidei the tnangle smn to be a plane one, hence, sm sn 
lad cof nsm , b 11 L the angle nsm is conftant for the fime lumb theieforc 
sm sn in a confimt latio , that is, as the itimb appioaches the pole, the in 
element of the lumb the conefponding increment of it’s latitude in a con* 
ftani ntio thciefoie componcndo the whole incicafe of the lumb the 
whole conefponding incieafc of latitude in the fame conflant ratio When 
therefore a Chip luns upon a rumb, and vines it s latitude 5 for inftance, if it 
continue on the fame rumb and defenbe the fame fpacc, it will have altered 
its latitude again 5 In general, equal puts of the fame lumb -He contained 
between equidiftant parallels of latitude 


77 /fi Orthographic Projection of Maps 

Fig 1232 Let Fig 254 reprefent the orthographic projection of tlfe earth 
254 upon the plane of Lhc mendian, P p repiefcnting the poles, and EQ. the 
equatoi Then the meridians aie all piojcdted into ellipfes (1213), whol^ 
femi minor axes Oa, Ob, Oc , Od aie the cofines of the diftances^of -the 
racudian8 fiom PEpQ^ and os the cofine of the mdidians near ^EpQ^ vaty 
but vfiiy flowly, thofe meridians will be crowded together, and thejBgure* of 
the countries very much contracted in longitude Ther paiallels of latitude 

being 
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being petpendiculai to the plane of projection, will (12.15) be piojeCted into 
right lines in theu piopci propoition This is called a Meridional pio 
jeChon 

1233 If the projection be made upon the plane of the equatoi EQUd Tig 
as in Pio 255, the mendians will be projected into light lines (1215), ^and 2 5 S 
the paiallels of latitude into cucles concentric with EQUA (1213) But 
thcj^ cucles diminihung flowly neai the equator, will be there crowded toge 
jhei, and the figuies of the countnes will theie be very much contiaCted m 
latitude The contraction of the extreme paits of the map therefore^ with 
the objections befoie ftated, lendei this piojeCtion veiy unfit foi the confi-iuCliou 
of maps This is called an Equatorial piojeCtion 


The Stereogiaphic Ptyettton of Mapi 

1234 Let PEp% be a mendian upon which the projection is to be made Frr 
P, p, the poles, EQ the equatoi, and E the point from which the longitude 256 
V? leckoned Now the meridians aie piojeCted into cucles, the ladu of which 

aie the fecants of their diftances fiom PEp (1221) Suppofe thercfoie it weic 
lequued to defenbe the mendian whofe longitude is 60 Now confidenng 
y the ladius PO as unity, the fecant of 60 is 2 , with an extent of compals 
theiefoie equal to 2, fet one foot in P, and extend the othei to E^ (pioduced 
in this cafe), and with that point a a center defenbe the cncle Pdp and it 
will be the true projection of that meudnn And thus ail the lequued men 
dians may be drawn 

1235 To defenbe the cirrlc3 of latitude then iadn will be the cot*Jigents 

the latitude (1224) Let it theicfore be required to deluibe the paivllcl 

of 60 Take Ea=s 60 , and with an extent of compafs = o,57 ; the coiangcni 
of 60 , fet one foot in a and extend the othei to Pp (produced), and with 
that point as a centei defenbe the cncle acb , and it will be tire piojeCtion of 
that parallel In like manner mij the othu puallcls be diawn, as many is 
may be lequued 

1236 Hiving Sid down the mendian and pualkls of lititudc foi this half 
of die eaith, di iw anotbci equal click BQjCU touching the toimcr at and 
upo'h th#t d^enbt the mendiuis and paiallels ot luitudc in like manna ind 
die pio)tClion ol thecaith will be dmd d into latitude and longitude, then 

, di iw the countiu , h) ing clown the places accoiding to the 1 icfpedtivi latitudes 
nd longitudes and die m ip will be complcatcd 1 his is c ailed a hhi til qm ] 

1 t _ piojeCtion , 



^ ON nu CONSTRUCTION 01 MUS 

projedlion and is the method commonly made ule of in the conftiudlion of 
maps 

Fie i 2 37 If the eye be at the pole P the piojedlion 1 made upon the equatoi 

7 S 7 ESC 7 A, ind heie all the meridians ue piojedled into ftiaight lines (i 22-) 
the planes of the mciidnns being all pciptndicular to the plane of piojedlion, 
and the paiallels of htitpdf aie projedled into cncles (11x9) the aaehi of 
which aie the tangents of half the diftances of the paiaUels fiom the pole 
This is called an Equatoi tal piojedlion The lumb line ab in J,ht piojgfhon 
is nmifcftly the login ithmic fpnal as it is alfo in the equatoiial oithogiaphic 

piojedlion 

1238 To make a piojedlion upon the houzon of any place , 1 lie eye is flip 
pofed to be oppofite to tint place In this cafe, the pole 1 puddled within 
>ic the cncle of piojedlion, and it s diftance OP fiom the ccntei 0 is equal to the 

258 tangent of half the compliment of latitude (1217) The meudnns 11c di awn 

by Art 1221 This projedlion is called Horizontal, and is lepi denied 111 

TTa 258 

1239 Theie is anothei meudional piojedlion called Clobular, which diflers 
fr om the above only in its placing the maidians in the piojedlion at equal 
diflances Jiom each other which comes ncaiei to the naluit ol the globe, 
and map ate fiequently thus confiiuetcd 


t 

On MERCATOR s ProjiEUon of Maps 


1240 Fins piojedlion is of gtcat ufe in navigation, on account of n 
bein' coiafti udted by light lines only and no otlieis ate necdluy in ifc’* 
ufe b The moft convenient v ay fot a (hip in going from one plicc to liiothci 
is alwiys to fail upon one point of the compals, or upon the fame 1 limb 
( 1 2j 1 ) and by means of this projedtion you c an^detci mine umncdi tidy jvh it 
Fig rumb you aie to Ia.il upon F01 let Tio 2^9 repident a puiij .1 map of 

259 this confliudlion , AB lepicfrnting 4 of longitude, and AL pcipeiidiculat to 

it 4 of latitude , the fonnei dogiecs aie equal, and the ltulei aie macaling 
(1227), and ore to be lud down by a Table of meridional puts (12*8). 
Suppose a Hup wants to go from a in longitude 7 tncf larttud^ 31 A to *b in 
longUude 10 and luitude and it is lequitcd to find the tumb it muft 
fill upon Join ab and tbit is the ruihb (1229) Now to dotcvminc *vlnt 
rumb this is, these is always m thefe maps, one or moje pomt from which m 

■yo 


* 
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are drawn thntj two fti tight lines lepiefenting the thirty two points of the * 
compafs and 3011 mty calily difcovei to which of thefe lines, or neaieft to 
which, ab is puMlel and thus you get the point of the compafs jou aie to 
fail upon For this puipole, a parallel rulei may be very ufeful laying one 
edge to coincide with ab, ind bunging the othei edge over the point fiom 
winch the lines of the compais are diawn 


1 *»' ] 
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CHAP XI 


■ON TIIE USL Or INTERPOLATIONS IN AS1RONOMY 

Art .24. TF 2 0 y quantity vaiy and u vtd* «tatt.n-mu^a «f ntnc 
+ lbe j,own, it .s the bufinefs ot mte.pol.uon to find He value 

ail 

ot the quantity couefpond.ng, then may y be reprefented by d+«* »d c > ' 
ot mequam y J — fo[ lf „ e lake r Kims> and for a wutc 

x v— x +.D x * x \ i x t t) ^ a &c the r th differences oi 

anv cauidiHant fet of numbeis, as o, x, z, 3> 4> “ 

,J mfulta 0. of the values of y, w.U become equal to nothing 

To. take two teime A+Bi, and fo. « write o, 2, 3 , 4. “<■ ™ d ™ 

have Llicfe rcfults, 


A 

A+B 

A + zB 

A + SB 

The Gift differences of which aie B, and the fecond differences — o 

Tike th.ee tame, A+B* + Cx a x“«. and for v wnte o, ., 2, 3, 4 , 
4 r ind we hive thefe tefults* 

A 

A+B ^ 

A+zB + zC . P 

At$B + (>C • * * „ 

A I-4B + 12C 


'Hie 



1 TIIB USE OF INTERPOLATIONS IN ASTR.ONOMV 
The firfl. diffeiences of which 'ire, 

3 

B+zC 

B+^C 

B+ 6 C 

\ 

T 1 e ftcond ^iffen,nces aie zC, and the thud differences = a 
Thusif appeals, that the laft differences will alwajs become = o 


1242 In geneial theiefoie, let the fucceffive values of y be a, b, c, d, &c 
and let it be required to find the coefficients A , B, C, &c Fnft, take the 
fucceffive diffeiences thus, 


a t b 1 d &.C 

b-a, c-b , d-c , &c 

c-zb-\-a, d—zc + b, &c 
d - $c+z,b- a, &c 
&c &c 


^.nd put P = b~ a, Q^c—zb+a, R^d- ^c+^b -a, &c Now for x 
write 01 2, 3, 4, &c and the fucceffive coirefpopding values of y being 
a, b , c, d &c we have tlie following equations, a= A, b=A+B , C=A+zB-i- 


c-A-zB 


&c 


d= A + + 6 C+ 6Z), &c Hence A=a s B=sb—a=P ) C= 

_ c ~ ^ Va_ , % p_ dj- A—\Bj-6C _ R 

1^ 2 2 6 ^ ^ ^ ^ 

therefore y = a+Px+ + * *«x*-ix»-a | _ &c ^ 

® 2 0 

law of continuation is mamfeft ^ Hence, if a b, c, d & c be the values of a 
vanable quantity t iken at any fucceffive equal intei vals of time* beginning at any 
itiflant and if inch be their law that their laft differences always become = 0, 
we fhall get it any mteimcdnte time the accuiate value of that quantitj, be 
caufe-ihv-n all it intermediate values follow the fime ltwas the values of) 
fiom the equation, but if the differences do not at laft become accuritely=o 
wc fhall then get only an appioximate value becaufe then the lnteimediatfi 
values do not follow iceuiatcly the fame law wheieas the values of y found 
Jroin our equation mtifl always follow the fame ltw, and theiefoie the \ alut of 
y will Ije only an approviniation totl c value of the quint 11 j it inj mteimediate 



ON THE USE Or INTER1 0LAT10N9 IN ASUOMOMi 

time between tliofe at which y was afiumed accurately equal to it, the ap 
pioximation however wiU be fuflicrently accurate for all„piaaieal puipofcs 
provided the differences become at laft very fmrll which 4s the cafe u the 
application of thr rule to intei polations in Aftrononry The ufe rf intcrpo 
liluons is therefore to determine the place of a bod } or the value of a quantity, 
at any time ftom knowing the place or value at thiee 01 four times near to 

But bcfidcs the ufc of the above equation to find the value ol any 
term of a fenes /iom it s pofition being given, the conveife is often require 
that is, having given any teim to find its pofiuon 01 diftince from the fir fi 
tcira In this cafe, we have the value of y given to find a, which will be 
determined from the folutron of the equation which will life in it b dimenfions 
ns it may be neceffaiy to mcreafe the number of teiros, and this depends upon 
how many orders of differences you muft take before they become equal to 

nothing 


Example I On Much, 178^ the fun s declination at noon at Gucnwiclr, 
bv the Nautical Ephemcus was as follows on the 19th N 28 41' = 1721 
L on the 20th N 5 = ,00' = *, on the 21ft S - 18 
to find the time of the equinox 

The value of c is heie wntlen negative, becaufc the declination haspaflcdi 
through 0 Hence, we piocced thus, 


1721, 300, — 1121, 

-1421, — 1421 


Heie <1 = 1721, JP=- 1421, hence, ^=1721 - 1421 x \ , now when thc*fun 
comes to the eqnatoi, y the declination becomes = 0, thciefoic 1721 - 14 1 

/.x-o, and a = =1 d 53 the time fiom tlie 19th, htnu, 

1 ijiZ I f 

-oJ $h 3 j3 is the time lequued 

If at any place we obfeive the funs declination foi thiee or foui days 
at the equinox by the aflionomicol quadiant, vTe may thus dctcin me tl«c 
time at that place when the fun comes tq thg equatoi, without the Lphc 

mens 


Lx/'mpi 1 
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Example II To find the time, flora the Nautical Almanac, when the, 
fun entered the tiopic in June, 1783 

The fun enteVs the tiopic when it s longitude is three figns Here y lepie 
fents the longitude , let us> therefoie take thiee longitudes the neaieft to the 
time, which in this cafe will be a fufficient number Now on the 20th day 
the longitude is 2 28 5^' /, on the aifl. it is 2 29 52' 21' and on the 
22d it "is 3 o 49' 34', but it will rendei the opefation a little jnoie fimple, 
that is, the numbeis will be fmaller, if we take from each two figns, in which 
cafe it is manilfeft that y begins at the beginning of the thud fign, and confe 
queij,dy when y becomes equal to one fign the fun entcis tne tiopic Theiefoie 
28 55' 7'=io4io7 / =0, 29 52 21 '= 107541"= 5, i o 49' 34' = 

1 1 09 74"'= <7, hence, 

104107, 107541, 1 10974, 

3434. 3433. 

1 

Ileie P = 3434, and §>= 1 , which being foveiyfmall compaied with P, we 
may omit it, confequenlly ^=104107 + 3434#, but at the tiopic, y — i fign 

= 108000", hence, 108000 = 104107 + 3434 v, theiefoie x= 

3434 

id %h 12' 28" the time from the 20th day, and theiefoie the fun enteis the 
* tiopic the 21^ 3 h 12' 28" 


Tx ample III Given five places of a Comet os follows, on November 5, 
at 8 i 5 17' in Cancel 2 3o'=iijo , =fl on the 6th at 87 / 17 ^14"* 7^=247'=^, 
on the 7th at 8# 17 in 6 20 =^80 '=*, on the 8th at 8 h 17' in 9 io'= 
330 = d , on the 9th at 87 / 17' in 12 40^760 =g, to find it s place on the 
7th at 14 h 17' 

Fnft, fubtraft $d Zh 17' fiom7 d 14A 1 7' and there remains %i 67 / =2,25 
for the inteival of time between the fiift obfeivation and the given time at 
which the place is required , this theiefoie is the value of x to which we want 
to find the coirefponding value of y , hence, 

, 247, 386,^50, 760, 

, ^ * 97 * * 33 . * 7 °» 210 » 

1 " 36, 37 . 4 °. 

» 3 . 

2 

*Vol II Hb 


\ 

Here 


* 


ON THL usr or IN1LRP0I,ATI0N9 IN A3TRONOMI 


Ilcie P-9/, ^.-36, R-I S = - hence ; = 150 + 97 x 2 21; + — x 2,25 
X I 2 ,+-^- X 2?jX I, 25 X 25 + ~T V 2 25X 1 25X ,2j X ~ / it = 4 1 > 9 6 

" J 3 r 

-6 58' 57' the phee requned 

Lxampl/ TV In QTob i 1788 the Moons declination at noon at 
Gicenwn h topeirs trom the Ntutical Alminac, to have been is follows;- on 
the 9th S 12 42 =7 6^ —a on the 10th S 8 44' = 52].=4. ontheiith 

S 4 24— 264 on the 12th N — o 10 —d on thi 13th N —4 49 
— - .,89 =f, 10 hnd the declination on the 10th at 6/1 30 

lirft, id Ui D o = is the interval of time from th>- 91I1 to the given 

time 01 l he value of x and the values of y aie the dechnitions thofe being 
wntten negative which are noith, the declination having ptfled thiough 0, 
hi ncc. 


762, 524 264, -10, -289, 

-23S, -260, —274, -279, 

22, i 4 > 5 > 

-8 -9 


Here P- - 238 £^-22, R=- 8, 5 = - 1, conlequently y = 762-238 * ~ 


. 22 61 13 8 

+ — x -1 ■< * -5 

2 40 ^8 - 3 

8, 


61 13 

X $ * 48 x "48 


a 4 


6 r 

48 


T 1 35 

V — m - V _ V m— ir 

/N 'it * « a n 


48 48 


V 

x but the teims aftei the tluee firft aic fo lfnill thit they nvty be nc^* 

48 

letted, and therefore the fecond differences are fufficient foi oui purpofe, 
hence, 7 43$ tl;e declination required 


Exampli V The Moons longitude at nooil at Greenwich in September, 
1788, was as follows, on the x6th o' 5 9^ 12'= j8532 / =<j, on the 17th 
o 17 47 26 =64046 ,/ =£ on the 1 8th 1 o 36' 12'= nova's* „ dh 
the 19th i 13 0 36' 1" = 1 56961 =sd, to find 1P3 longitudir on ''he 17th 
at 6£ 
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ON THE USE OF INTERPOLATIONS IN ASTRONOMY 


Hue x — id 6/; =i 25 the mtervd between the firft giaen time and the , 
time it which the longitide is requited, hence, 

' 18552, 64046, 110172, 156961, 

45494 461-6 46789 

632, 663 . 

3 1 

Heie ^=45494 ^=632, # = 3 1 but it will be fuFicient here to go onlv to 
the fecond ditferem.es, as the value of the third would pioduce an < fleet only 

5 2 

of one* fecond, hence y= 18552 4-4549^ x 1 25 + -^- x 1,25 x ,25 = 75518 
= 20 58' .,8 the longitude it the given tune 

Example VI In June 1740 the phde of Mttcury in it oibit at noon 
was found fiom obfeivation to hue been on the 14th in Ancs 2 4 ,0 = 

7470 =a on the I5thin7 7 7' =25627 =b, on die 1 6th in 12 19' 30" 

= 44370=1: on the 1 7th in 1 7 41 44-^=63704' =J, to find it s place on 
the 1 5th at 6 h / 

Here t = i d 6 h =1,25 the intei val between the fii ft given time and that 
at which the place is requued, hence, 

7470 25627, 44370, 63704, 

18157 i8 743 > x 9334 

586, 591, 

S 

Therefoie ^ = 74704-18157x1 25 + ^ x 1,25 x ,^5 = 8 26 54' the pltci 

requued omitting the confideiation of the lift diffctence w it would noL 

affeft the conclufion *2 of a fecond 

5 % 

1244 Beuufe y repiefents the velocity with which y inaeifes or decicafe , 
theiefore to determine that velocity, take the fluxion of both fides of the 
eqifttion jnd you will «gct the lclation between y and x Hence if we fub 
ftitute flu x £ny fnt&v tl of time we {hall get the qu mtity by which y would 
Be mcrcafed in that time with the velocity continued umfoim 
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OH THE USE OP INTEr POL ATIOHS IN ASTRONOMT 

Example Suppofe it weie requued to find, fiom the hfi Example, the 
velocity of Metcwy on the 1 5th at 6 A 

Heie y= 7470 1-181^7 x r + 293 x\xx- 1 = 7470 + 17864 x H 293 x a. , 
hence, ^=17864 x +586 x xx , now let us fuppofe x= 1, which anfwcis to 
24 horns, and then y = 17864+586 = 18450 = 5 f 30' the atfgle th-tt would 
hive been defcnlcd by Meicury in 24 hours with the velocity at the given 
time Thun we mult pioceed in all othei cafes to find the velocity with wjnch 
y incieafes 01 decieifcs w 

r 

1245 When y becomes a maximum or a minimum iL s vamtion j* then 
infinitely lefs than that of v, foi it s fluxion is then equal to nothing Now 
as oui equation only gives in appioximate relation between the quantities ic 
quired any (mail variation of the law of the quantity to bt intci polated from 
the law given by the equation will in this cafe, pioduce a confideiablc vain 
tion in the value of x , 01 of the time When theiefore the quantity to be 
intei polated becomes a maximum or a minimum, 01 neai to it, wc cannot 
depend upon our equation for giving the time with fufficient accuiacy Foi 
example, if wc take three declinations of the fun neai the folftice, and find the 
value of y and make iL fluxion equal to nothing, we cannoL be ccitain that 
we fhall get the time of the folftice fufficiently accuiate J+cnce the mle given, 
by Dr Hal let foi determining the time of the folftice, fiom def cubing a 
paiabola thiough thiee points, cannot be depended upon and other authors 
fince his time have ftllen into the fime miflake If between any two value 
of x, y has changed it s fign, it has pafled through a maximum oi a minimum, 
according os it s fign was fuft pofitive or negative Or the lime will happen 
when die fiift diffeienccs fiifl mcieafe and then decteafe, or decicafe and then 
lncieafe 

1246 It has been hidterto fuppofed, that the quantities to be interpolated 
were taken at equal intei vals of time , but as it frequently happens that obfci 
vations cannot be tiken at equal intei vals, we fhall nvveftigite a rule foi intei 
polations in this cafe Let y—A+B% + Cx xy x~ p+Dx vx v— pxx q 
+Ex x x x^p x x^q x -\ &c Now when x=o ) p,q r, s. See let the 

correfponding values of y be a b> c, d, e, See hence, a = A, b=A-\- Bp , 
e szA+Bq+Cx qx q^p , d=A+B 1 + Cx r x r'-p +Z> x r x r-px ~g t 
e-A+Bxs+CxsxT^p + DxsxT^pxl^q+Ex rx s-pxs-gx f-r, 

b — a c-a — Bq * d—a—Br—Cxrxr—f 
&c hence, A~a , B = ■■ ■■ - , C— ■■■* 1 D * _ '" |M " J „ » 

P ffx 2 ~P ixr-pyr-q* 

E- 
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OS THE USE OF INTERPOL ATI0NS IN ASTRONOMY 


_ e-a—Bs-C xs xs- p Dxsxs-pxs—q . . b-a 

E — — ==- 1 , &c hence, y=a + 

sxs-pxs-qxs—r p 

c a- Bit d— a-Br—Cxrxt-p 

X V + =2r X*XX-p b == — — XX XX-pXX-q-b 

qxq-p r rxr—pxt-q 1 

e-a-Bs-Cxsxs^i-DxsxT^pxs^q 

s Xs—p x s— qx s — r 


xix v-pxx-qxx-r+ 8 fc 


Example ^Let the place of a Planet at midnight be as follows, on, 
Novembei 8, in Leo io 14' 6"=^68^6 ,/ =a t on the 9th in 10 28' 15" 
— ol — on the nth W n 4' io 7 =39850" .= f , on the 14th in 
12 2 =43,20 '=d, to find its place on the nth of Novembei, at the 6th 
houi 


*45 


Here /— 1 s j = 3, r = 6 





r _ c-a-Bg 

qxq-p 


3004-2^47 _ 


= 76 


6 y 


£ _ -Br- 6 x r x r- p _ 6474 — 5094— 228$ 

rxr-p x 1 — q 90 


= - io- T> hence, jy= 36846 + 849 x 3$ + 76, x 3$ x a$- io- T x 3I x 2j x J 
= 40 1 44 ' = 1 1 9' 4" the pi ice 1 equired 


Thefe examples and obfeivations may be fufficient to fhow the ufe and 
*• extent of the dodtrine of mterpohtions in Aftronomy As the lules, undei 
the reftudhons here pointed out, feive foi the mteipolations of all quantities 
under like circumflances in lefpedt to their diffeiences, the reader can never be 
at a lofs to know when they aie applicable 


1247 The fenes y=A-\ Bx+Cxxxx-i+Dxixx-ixx-2 + kc 
is of the fime kind as this, j>=P + 4J# + 2?i , +$v*+&c for by adually 
multiplying the fuftors, and colle&ing the coefficients of the like poweis of 
v, and putting P = A thS abfolute teim, R, S &c =thelumof all the 
coefficients of v, x , &cc t^e foimer fenes becomes y=P + Qy + Rit +Sx * 
+ &c This we may confider as in equation to a parabolic cuive whofe 
abfcifla is PJV=x, and oidinate WH=y The interpolation theiefoie of the 
termg of this feucs is the fame as the inteipolation of an oidinate of this cuive, 
havirig giveh any ryumber of ordinates If two ordinates be given, we afiume 
y^P-\ §£x tBe equation being a flioight line paffing through the extiemities , 
if thrge ordmates be given, we iffume y = P+Qx-bRx and if theie be n 
oidinates given, wc afiume y — P+ Qx + Rx* + &c to n terms , becaufe we then 
have « given values of y and « correfponding given values of X, by fubftituting 
1 therefoie 
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ON 1 HL USL 01 IN TEI* F 0 L ATIQNS IN A9TRONOMI 

therefoie m the equation fucceffivcly the couefpouding values of y ind x wc 
get n equations and i unknown quantities P, ^ R &c fiom whence thelc 
quantities maybe found Thus ve nny defeube a pat ib^lic cuiv piflin 
thiough « given points, that is, we can find the equation of*the euive winch 
flnll pafs thiough thof^, points 

fz48 To find the aieaof this cuive we have • yv = Px |-Qa\ I R\ x t- 
Sx*x p&c whofe fluent is P \ + 1 8 jc d 3 Rx* 1 -l^x* bfkc —the u i i 

Let the !hteivals of J.he ordinates AP B£^ CjR DS, Ac be unit) that is 
leta? = o, i, z j 4, &c -nd the conelponding oidmates be b, c d, $ Ac 
Then fiom tlie eqitauon ^ = Pd-i£>d--RA Sx * d &e if we til e v- l, there 
aie two oidmates AP, B^, and we take two feinas if wc take a - * theie 
are three oidmates AP, B^, CR, and we take three teitns 8cc Hence we 
have the following cafes 

Case I Foi two ordinates 

Here x= I, a = P , b^P + Q, theiefore G>j=-b-a, and the aita APQB 
=ia+ib 

Case II Foi three ordinates 

Heie x , and a=P 

^= P +^+/2 

c=P + z^_-\ *\R 


therefore b — a-= <^+ R 

r-b=Q + 3R 

hence, c-zb-\-a = zR 

and \c— b-\-$a = R 

confequently Qj= b — a-R— - 3 a+p b— jc 


Hence, the area APRC=za+i x - 3 a-\ zb-\c X4 + S x 1 Tax 8 

-- + c This is the cafe in Ait 1142 
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y 

Case III Toi four ordinates 

litre v = j and a = P 

b=P+Q-\ R | -S 
c —P f- i^-\-/^R 4" 8 S 

d-P + ^+gR + ijS 

therefoie b — a = R-\-S n 

c-b=$J- 3 R-\ 5 S 
d— c — $R- f- 1 9 5 


hence, c—zb+a=2R + 6S 
d - ic + b=zR + iz S 

theiefoie d— ^i + ^b — a = 6S 
and S= - a a + ib- ic [■ 6 d 

hence, R = 1 c— b + ia— 3 S=a- s b + ic~ld 
Qj=b- a—R- S= - f a+$b-*c+ a d 


Theiefoie the aiea APS D = 3 a + f x — a + sb~* c + 3 d x 9 H x 
Tc^idx 27 + ix + %i = \a+lb+\c+ fd 

Thus we may proceed for any number of ordinates 
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Ait 1249 rpIIE apparent motions of the heavenly bodies are the mod 
JL. obvious phsenomcna in natuie and as a knowledge of the 
return of the feafons muft always have been neceffary foi the hufbanrlman, the 
couife of the fun pvobably engaged the attention of mankind in the euly ages 
of the world The appearance and difappeaionce of the moon alio at luted 
times, and the utility attending a knowledge of thefe circumftances, would 
neceffaiily excite an enquuy into the motions of that body Attention to 
thefe things would lead to the inveftigation of the motions of the othei bodies 
in the heavens Accoidingly, we find it lecoided, that the fcicnce ofAflio 
norny was cultivated by the immediate defeendents of Adam , foi Josri lius 
infoims ns that the fons of Seth employed thcmfelves in the ftudy of Afl.10 
nomy and thi they wiote their obfervations upon two pillais, one of buck 
and the othei of Hone, to piefeive them againft the deftiuftion which Adav 
had foretold fliould come upon the eaiih He ilfo lelates, that Abraham 
aigued “ the unity and powei of God fiom the oidcily couife of things both 
at fea and land, m then limes and feafons, and fiorrt his obfervations upon the 
motions and influences of the fun, moon and flais , and Lhat he read lc£lutes 
in Aftionomy and irithmetic to the Egyptians, which they undeiftood nothing 
of, till Abraham biought them Horn Chaldea to Egypt, and fiom thence 
they paffed to the Greeks ’ Berosus alfo obfeives, “ that Abraham was 
a great and juft man, and famous foi lus celeftial obfeivitions, the making 
of which, thefe fages thought fo necefluiy to the human welfare, that they 
affign it as the principal ciufe of the Almighty s p*olonging the life of man 
For the fame mthoi giving an account of the longevity of the antedilim ins, 
fajs, <{ that Piovidence found it neceflaiy foi the ftudy and advaiccment of 
virtue, and for the ltjipiovemcnt of GeoinJay and Aftronomy, Winch lcquued 
at leaft fix hundred ye us foi miking and perfedting obfervations T. he few 
accounts however which we have of thefe matters befoie the flood, iU$ the 
little dependence to be put upon them, will jufafy our faying an., Ihng further 
upon the progtefs which might have been made in Aftionomy at that time 
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On tie Aft) o tomy of the Egyptians and Cluldcins 

fS 

1250 Bcfoit the reign of Ps 4 -MMltichus oi 68o A C the Egyptians 
accoidinj* i.o Herodoius, thought themtehes to ha\e been the tuft inhabi 
tant of the eaith, and it wis only trom the time of this prince that the Giecl s 
had ^ny regular accounts of tne iffuis of Egypt It is theiefore^no wondei 
'Viat the Egyptians endeavouied to impole upon therfl fictitious accounts of 
their moie early ages, fai before the creation accoiding to the account of 
Moser, The ambiguity of the woid Tear veiy well piomoted then views 
which, though at that time it ufually figmfied the ippaient annual revolution 
of the fun, yet oiiginally it meant a revolution in geneial and was ufed foi 
that of the moon foi Plutarch lays the Egyptian yeai was a month, 
he adds howevei, “ afteiwaids it confined of foui months ’ And Ci nsorinus 
fays * ct in Egyplo, quidem, antiquifiimum feiunt tnnum bimefticm fulfil , 
poll dcindc tb Iso^e Rege quadumefiicm fidtum, no\iffimc Arminon ad 
uedecim menfes et dies quinque peiduxifle At whit diftinft times thefc 
Itveial changes m the length of the yeai weie made, would be an enquuy not 
to oui picfent purpole, the Egyptians howeiei, to impofe upon the Gieeks, 
i^ould undoubtedly take the fhoitefi. time foi the yeai that oi a month And 
this muft alfo render the heathen chronology fubjed, to great unceitainty 
„ 1251 The Egyptians appear to have ftudied Aftionomy very eaily, but 

the mcafure of then year being foi a confidei ible time fubjed to very different 
lengths, caufed great confufion in their chronology The Thebans, who pafled 
into Egypt, aie fuppofed to have been the fiift who cultivated Aftronomy theie 
They eftabhthed a yeai of 360 days but it was foon found neccfiary to add 
five days moie They feern to hive founded their obfavations upon the he- 
lVol nfing of Sirius , for obfuving the interval between two days m which 
Sirius thus rofe, they determined the length of the yeoi But it was afteiwaids 
difcovcied that by making the ye 11 to confift of 365 diys, Sirius roil latct 
eveiy year by fix horns They then made the yeai to confift of 365 i days 
The yeai however, fo far as fcgaidcd then religious ceiemomes, ftill confifted 
of 365 days Miking thadoie thefe two years to begin tbgether, they would 
not coincide again till aftei four times 363 years, 01 1460 years This wis 
cM the Sotkacal pened Mi E Barnard fays, that the Egyptians dif 
coveied that the ftait had an annual motion of $0" 9 4 $ a yctr (Phil 

Tianf N 138) Accoiding to Macrobius, the Egyptians made the planets 
reVoltfe about the fun in the fime order 1 we do , but it does not appear at 
0 what time the plinets weie difcovcied He alfo iiys, that they divided the 
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zodiac in the Time mannei ns the Chaldeans did, and fixed the commencement 
at the hift degiee of Aries Diodorus Siculus fays that the Egyptians 
ihlcoacied that the phnets hid fometimes a dnedt and fometimes a letrogiade 
motion, and th it the) weie fometimes fhtionaiy He nlfo offeits, that they 
made tlu. fun move in a circle inclined to the equitoi, and in a dnedhon con 
n\iy to the dim ml motion The idea of dedicating the feven days of the 
week to the planets is alfo afcribed to them Dioccnrs Laertius, fiom 
Maneth-* fiys, that the Egyptuns believed the caith to be fplicucal, and 
that the moon wis cchfifcd by falling into the eaith s fbadow They attempted 
to mealuic the diamctei of the fun by obfeiving the motion of the fliadow of 
the gnomon in the time the body of the fun was ifcending above the hpnzon 
The dilcovery of the planets and then motions we miy conlider as a pioof of 
the eaily anangement of the flais into conftellations , is it mull be by com 
paung the places of the planets with the fixed ftars, that then motions could 
be difcoveied 

1252 When Alexander took Babylon, Caletsthenes found lint the 
moft ancient obfeivations made by the Chaldeans weie not above 1903 yeais 
befoie th at time, which caines them to about the time of the djfperfion of 
mankind by the confufion of tongues Thefe obfcrvations are fuppofed to 
have been made in the temple of Jupiter Belus at Babylon M Gouet 
however thinks this account is not to be depended upon, as it was fiift pub 
hiked by Simplicius in the fixth century, who took it fiom Porphyry, and 
Hippatchus ai l Ptolemy, who lived long before, knew nothing of them, 
though they m d a very diligent fearch aftei the writings of the ancient 
Afbonomers Th-y met with no obfervattons made at Babylon befoie the 
time of Nabonassar who began to reign m the year 747 A C Epiglnes 
lpeaks of Babylonian obfeivations foi the fpace of 720 years Berosus allows 
them to have been made 480 yeais before h*s time, which comes them back 
to 746 A C and tins is in fomc meafure confirmed by the oldeft eclipfjs 
whieh are recorded by Ptolemi one of which is mentioned to have hap 
pened 721 yeais A C and two, 720 A C About this time, the Babylonians 
fent to Hezekiah to enqune about the fhadow’s gomg back on the dial of 
Ahaz The period of 223 lunar months/’compichending 65853 days 
accoiding to the Chaldeans, make the periodic time of the moon to be 
2,7 d 43' 13', audit fynodic time to be 29^ 12// 44'. 7" Theymoicovct 

determined it s motion not to be uniform, but to be fomething moie tha# 1 1 
m a day and lefs than ia when it moves flowed, anchforaethitig moier than 
15 and lefs than 16 when it moves quickeft, rfhd the mean daily motion 
they fixed at 13 10 35' It does not appear by what methods they ^deter- 
mined thefe matteis, but it is probable that it was from obfeiving the path 
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of the moon by the fixed ftars, for there aie ftars called by the Arabs, Mtnaztl 
A 1 ksnim , 01 Mattfions of the Moon , by which is meant, fuch flats as the moon 
appioaches at qight in the courfe of it’s revolution They weie twenty eight 
in numbei the latitudes and longitudes of which are given by Ulugh Beigh 
It is -lift) afierted by Ptolemy, that they were acquainted with the motion 
of the nodes and apogee of the moon and they fuppofed the forma made a 
* revolution in i8y i$d U which peuod, containing 223 complete lunations 
% 3 § ua iijr called the Chaldean Sam The 223 lunations they reckoned to 
contain 6583/ U And if we take the peuod of the moon as now determined, 
they would make 6585^ 7 h 43', which fliows how very iTearly the Chaldeans 
liod determined the fynodic revolution of the moon This peuod completes 
the 1 evolution m refpeft to the node and apogee The knowledge of this 
might piobably enable them to foietel eclipfes, at leaft thole of the moon 
Aristotle informs us, thit the Chaldeans made obfervations on the occulta 
tions of the fixed ftais and planets by the moon flora which they were led 
to conclude, that an eclipfe of the fun was caufed by the moon And 
Diodorus Siculus fpeaks of their having obferved comets which they held 
to be lafting bodies, having revolutions like the planets, but in moie extenfive 
mbits The fame audioi alfo fays, that ‘ the fouthun paits of Arabia ate 
„made up of fandy plains of a piodigious extent , the tnvelleis thiough which 
direct their courfe by the j B ears, m the fame manner as is done at fea It 
„ appears therefore, that the inhabitants were acquainted with fome of the con 
filiations The Phoenicians weie probably the fiift people who failed by the 
ftai He fuithei obferves, that the Chaldeans made the annual motion of the 
fun oblique to the ecliptic and contraiy to the daily motion Dialling was alfo 
fiifi: knoym amongft them tnd long befoie any thing upon that fubjed is 
related by the Gieeks Htrobotus fays, that the Greeks bonowed the ufe 
of the Pole and Gnomon , and the method of dividing the day into twelve p ut% 
fiom the Babylonians The gnomon feems to have been the moft ancient 
aftronomical mftiuraent The Chaldeans made thirty fix conftellations 
twelve in the zodiac, a^d twenty foui without They alfo made an obler 
vation 01 I'Satmn in the yd 5 u 228 A C which is pieferved by Ptolemy, 
and it ippears to be the only one which they made on the planets The dif 
tance was meafuwd by digits, of Which 24 made a dogiee They obfeived 
• tli'at the fun, moon an$ planets pofled thiough the twelve hgns , the fun in a 
year, th$ moon m a month and that the planAs had then particulai peuods 
They pHced*the moon bdloW'Rll the ftars and planets, made it the leaft of all, 
placed it tjeaaeifl to the e!Mth, and made the time of it’s evolution the leaft, 
accoiding to Diodorus Siculus Their civil yeai confifted of }6j,h days 
# and Albategnius relates, that the Chaldeans made the fulucal yeu 
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365^ 6 /i 11' They foimed fomc idea of the magnitude of the eaith, foi 
they dilcoieicd, it is fud tint a man, w viking 1 good nte, nu^ht follow the 
fun round the etith, ihxt is, he might nnkc the toui of thfi r cmh in a yi ti 
Now if we illow 1 good 1 ite to me 111 thiec miles, in an hour then thete being 
8/60 horns in a)eai of j 6 $ dajs the uieumfcience of the tilth would bo 
26280 miles, which docs not diflet a gicat dcil fiom the tiuth Reddling 
the ChUclnan Aftionomcrs, luftoiy give us but 1 icty little infoimition 
Berosus is fnppoled fb be the olelell fiom a \eiy ibfuid opinion of his ic- 
fpedung the phifes ol the moon and its echplts Aceoiding to him the 
moon is 1 globe hiving one fide luminous, ind the ochei fide a fky blue At 

what tune he lived is unceiLun 


On the Ajli ouomy of the Chinefe and Indians 

1233 M Bailiy flates, that the Gift king of the Indies lived about 
3$5_3 yeais bcfoie 0111 'era this is a little inoic than 400 yens bcfoic then 
aftionomical epoch which is fuppofed by M le Gentil to be 0 iox A C 
Then zodne had two difteient divifions, one of twenty ei t ht, and another 
of twelve, and they divided then zodiac into twenty {even conftellations 
they alfo had a moveable zodiac, to explain the piccefiion of the equinoxes, 
the motion of which they flatcd at 54" in a jeai and the entile 1 evolution 
in 24000 yeais This difcoveiy they appear to have made about the ycir 
2250 A C They tcgulUed then chionology by penods of 60 ycirs, but in 
then aftionomical cilculitions, they employed the penod of 3600 yens which 
is fix times the luni lolar penod The Bi ah mi ns wcie acquainted with the 
obliquity of the ecliptic and they conftiuded Tables fhowing the mcrelft 
of the days uiGng fiom the change of the funs dechnttion, foi difteient 
latitudes M le Gentil found that according to thefe Tables, the 
obliquity of the ecliptic muft hive been more than 23 They have a ' T ' ible 
of the lime which the fun employs to move thiopgh each fign of the ecliptic 
The fign m which it moves flowefl they make Gemini, and tha in which it 
moves quickcft is Sigittauus The apogee of the fun wis therefore lefs ad 
vanced by a fign when thefe 4 Tablcs woie conftiuded than, it is mow , dhi 
cames their conftrudion bick to the yeai 78 of oui asra* at wly-ch fmie died 
Salivagena, one of then kings, who wis a gieit tncouiagei of Aflionomy 
They applied alfo to the fun a coiredion which infweis to oui -equation of 
the center, being fublradive in the fnft fix figns of anomaly, and additive in* 
the laft fix, the greatefl fubtiadive 1 9 5', and infveis to 20 of Gemini , and 

the 
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the gieatefl. iddilive is ix, and ahfweis to 20 of Sigittanus this kerns to 
hue been the joint effeit of two different concdlions The Brahmins alfo 
made ufc of the momon , and got a meridian bj dclcnbing concentnc cucles 
in the m^nnoi wc do By this they ilfo found the lintude of the phee fiom 
the length of jit’s lhadow tt the dry of the equinox In the reign of 
d IIo \ng ri 2697 yens AC tl e Chinefe hael invented and confliudxO a 
fpheio, v?ith ll e vanbus aides Lelonging to it la a book written in the 
teign ’if Yao, about 2^,32 yeais A C we colled the following cncumftances 
ill Hi and IIo (two Aftro lomers who were chaiged with compofing a 
colendai foi the people to legulate then hufbandrj) obfeive 1 the places of the 
fun, moon andflais and mftiuded the people with refped to the feafons 
2dly The equality of days and nights and the flai Ntno, detei mined the fpnng 
equinox a dlj The equalit) of dajs and night , ind the flu Iltu marked 
the autumnal equinox 4thly On the longefl di) the flu Ho m irked 
the fummet folflicc 5 Lhly On the fllottefl daj, the flat Mao marked the 

wintei folflicc 6thly One yeai confided of 366 dqs ind thiee yeais of 
361; dtys And by fpeaking of a lunu mteicalaiy, thty mull alfo have had 
a luni folu yeai Ihc Biahmins placed the eaith in the centu of the woild, 
with the feven planets levolving about it, but they do not appear to have 
been acquainted with it’s diuinal motion The eaith they placed upon a 
mountain of gold, they thought the ftais moved and the planets they called 
fifhes, becaufe they moved in the cthei as fifties do in water Tfiefe abfur 
dities fliow the grett antiquity of their Aflionomy M Bailly fpeaks of 
their Tables as being probably 5 01 6009 years old M le Glntil thinks, 
that the Indians percci cd thirthui lables wanted a conedtion, becaufe at 
the time w hen they calculated the mean longitude of the fun and moon, they 
fubtraded fiom it a conflant quantity which was probably the contdion of 
tl^en epoch, and which they difcoveied by companng their calculation nth 
then obfenations m conjundion and oppoficion, the points whcie they waited 
than to tgrec, for the puipofe of calculating then eclipfes It is conjcftui 1 
that this coneftion was made about the year 78 at which time their Aftronoin ; 
undeiwcnt 1 gicat a foim the jeai 291,2 AC reigned f ohi ? the fiifi 
empcior ol China ind he appeals to have been the full who compofed iftio 
nomical Tiblcs, an$ gave the figuic of ihe heavenly bodies Thefohhccs 
feem to have lieen known at that time, a that empeior cveiy yeai ficiifi<'cd 
in awmal it ’the tunc of each folflicc His fuccefioi idded a feaft it each 
equinox Un 3 cr the reign Hoano ti 2697 A C Yu chi obfeived 
the pqle flu, and the confixll iiions about it He ilfo confliudled a fphae, 
with feveral fixed and nov cable clicks And it is faid that he made nnny 
experiments upon the wc ithei and the 111 About the fime time, the cncle 
* ol 
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ot 60 yeais v , as cd bliflvd Hoanc n was the authoi of many lndrumcnta 
vo oblcrve the dais, and alto of an intliument to find the cuduvd points, 
without any lefeiencc to the heavens this inafl hivt '■been the compafs 
Traces of this aie found 1400 yeais aftei The fame punce mduulcd a focitiy 
of mathematicians and of hiftouaus The empciot Chiti;ni, iq tlu jeai 
2513 A C compofed an Ephemens of the motions of five planets and it 
is find, rjiat Ik was 1 ailed to the empne foi his knowledge in Adionomy * 
Under the leign of Crou kano, 2169 years A C happened an cclipfc ~whic.lv 
is ^the mod ancient we have any lecords of Tiom the reign of this 
prince to the year 776 A C hiflory makes no mention of any cclipfc having 
been obfeived Fiom the year 480 AC to 206 A C Aftionomy was al- 
moft entnely neglettcd, the empire was divided into fmall dates , and the 
fociety of mathematicians was defhoyed Tsin chi hoang united again 
tlie dates, and founed one gieat empire and in the year 246 A C he colluded 
the hiftoucdl and mathematical woiks and burned them But the dudy of 
Adronomy levived again under Lieon pang m the ycat 206 A C About 
300 yeais before our ara the Chmcfe made then year days The penod 
of the moon they knew within 20 01 jO , but they load a veiy maccui alt 
knowledge of its 1 evolution in refpeit to the nodes, and in relpeft to that of 
the apogee, they feem to hive been altogahei unacquainted At the fime 
time they hid a method of calculating eclipfes In the year 104 AC 
Sse ma tsien and Lohia -hong formed precepts for calculating the motions ^ 
of the planets and eclipfes At that time they made the obliquity of the * 
ecliptic 23 39 Towaids the year 90 J C theempcior Tchanc h coi 
ruSted the calendar, having found that the foldice had gone back 5 About 
the year 164 J C Tchang h^ng made a catalogue of 2500 dais, which 
is now lod In the year 206 J C Lieou hong omd Ts ay "vong difeovered 
that the moon's motion was not uniform, but fubjeit to an inequality the 
maximum of winch was 4 41 they mad# the obliquity of its 

mbit to be about 6 They knew the folai year to be a little lefs than 365$ 
days , and they deteimined the revolution of the moon in refpeffc to it’s apogee 
lobe 27 d 1 3// 16 50" In the yeai 284, Kiang ki deteimined tile true 
place of the fun by means of eclipfes of the moon About; tbfe year 460, 
Tsou chong deteimined the motion of the flora to^be 1 in 46 yeais 
Lieou hi ao tsun and Lieou tcho, about the year 584, employed the 
firft equation of the inequality of the fun Y hang* wjio lvved about "the 
year 720, mode the fun s inequality 2 2 1/ 30^ He alfo detefhainSd the tunc 
of Jttpiter s revolution, and made the latitude of Stitus 39° 45' 30 In 
the year 822, Su gang explained the paiallax of longitude, and fhowed it j * 
vjfe m calculating folar eclipfes Towards the year i?8o, the Chinefe erected * 

a gnomon 
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a gnomon of 40 feet, fiom the obfemtions of which by Co cheott king, 
they found the obliquity of the ecliptic to be 23 3^ 40' and if this be cor- 
rected by refiaChon it becomes 34' 36" It is Cud that this Aftronomcr 
was the fiift amongft them who underftood any thing of fphened Tngonometiy 
He alio invented 1 method of calculating folai eclipfe6 

1 254 Foi out full knowledge of the modem flate of Aftionoray in Indi 1, we 
me indebted to M la Loubere, who leturmng in 1687 frorp an embafiyto 
1 Siam, biought with him a Siamefe manufcript, contaimng Tables and, rules foi 
circulating the places of the fun and moon, tbefe were put into the hands of 
Cassini, to be explained Aftei tint, two other fets of Mronomical Tables 
were fent to Pans from Hindoftan But for the belt information of the fhte 
of the Indian Aftronomy, we are obliged to M le Gentil, who went to 
India to obferve die tranfit of Venus m 1769 and who, dunng his flay there 
acquired a knowledge thereof They appeal to have no theoiy but content 
themfelves with calculations, poiticuhrly of the echpfes of the fun and moon 
A Brahmin of Tnvaloie inftruCled M le Gentil in the method of calculating 
eclipfes, and communicated to him the Tables and rules foi that puipofc, 
which he publifhed m the Mm de l Aiad Roy dts Suen 1772 They divide 
the zodnc into 27 conftellations, and die ecliptic into twelve hgns, of 30 each y 
and make the annual preceffion of the equinoxes to be 54' Then year begins 
a); the beginning of their moveable zodiac The epoch of the fables of Siam 
is *for the year 638 of our seia, as determined by Cassini The length of 
, their lidercol year is 3 6 $d 6 /j 12' 36", and that of the tropical is 365^ $k 
$q' 41 Thefe Tables have a correction of the fun s mean place, anfwcnng 
to om equation of the center, the maximum of which is 2 12, and it is 

made to vary as the fine of the mean diflance fiom the apogee, which they make 
80 from the beginning of the zodiac The motion of the modn is deduced, 
by certain intercalations, from (tpenodof 19 yeais The moons apogee is 
fuppofed to have been in the beginning of the moveable zoduc 621 days aftei 
the epoch of Match 21, 638, and to make a evolution in 323a days The 
fiifl. of thefe fuppofitions agrees with Mayer’s Tables to lefs than 1 , and the 
fecond differs fiom them only nh 14 ,i" The Siamefe lulcs, which cal 
culale only foi conjunctions lad oppositions, give but one inequality to 
the moon, the maximum of which is 4 and is applied when the moon 
is 90° from the apogee in other fituations, the equation *s as the fine of die 
*noan* diflance from the apogee Thefe T illes go no further 

125^ ^not|jer f t of oftionomical Tibles weic fent fiom Chnfnabouiam, 
a town in the Carnatic, about die yeai 1730 They are fifteen in numbci, 
and contain, befides the mean motions of the fun, moon and planets, the equa 
tions of the center of the fan and moon, and two coireChons for each of the 

planets 
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jjhnets They are accompanied with i ult and examples l lie ipoch*oa iheG 
Tables anfweis to Mtich io, 1491 when the fun w is cnUiin° the turn \1 lc 
zodiac The equation of the funs centci is 2 10 ,o and of lhe#nioou 

524), and the lichnition of the 01 bit is 4 O o alto^lic motions oi tin 
apogee and node lie vciy neirly tiuc Anothu let of 1 ibk \ uo illo hni 
abput the lame time) piobibly fiom Nailapoui, is that place uitweis to the 
length of the day theie given, thefe do not materially diilci fiom the hit 
mentioned 

1256 The Tibles and methods of the Biahmms of Tuviloic difLi 111 mi »- * 
refpedts fiom thofe above defcubcd they fuppofe howcvci tfic lame length ol 
tlieyear, the. fame mean motions, fl c fame inequality of the lun and moon, 
and aie adapted neaily to the fame meiidnn The epoch how^vci goes back 
to 3102 A C The foln yen is divided into twelve unequal months, each 
being the time the fun is moving thiough a lign , and in then calculations foi 
a day, they employ the time the fun mo\cs x in the ecliptic 1 lie liducil 
year confiHs of 365^ 6// 1 *2! 3 0 ", and the tiopical of $h 50 35 

The Brahmins mike the obliquity of the ecliptic 24 which it the time of 
then epoch diflcied veiy little fiom the tiuth The} affign two mcqaiUitics to 
abe motions of the plancis, anfwering very well to the annual paiallix and the 
equation of the ccntei Thefe Tables hive their ndicil places foi the yen 
ij.91, of our ana The equation of Saturn s centei is 7 ^9 44', whiji 

agiees very well with what it ought to have been at then epoch ,102 A t 
M de la Place fays, “ I find by my theoiy that at the Indian epoch of# 
3102 A C the apparent and annual mean motion of Saturn was ia° 1 0 14 , 
and the Indian Tables make it 12 0 13' 13" And that the annual and appa 
rent mean motion of Jupiter at that epoch was 30 20' 42", pieulcly is m 
the Indian Afhonomy From various agreements of this kind, Jtheie is the 
higheft degree of piobability that the Indian Aftronptny is as ancient os it is 
Hated to be by the Brahmins* In the Phil Traitf 1777, the leader will find 
an account of the Biahmms obfeivatoiy at Benaies, by Sn Robert Barker 
See alfo an account of the chronology of the Hindoos, by W Marsdln, I fq 
in the Phil TranJ 1790, and Mi Cavendish on the civil year oi the • 
Hindoos, in the fame woik for 1792 " 


* For the prooft m fuppoit of this fee ProfelToi Platt Ain’t. Remoika on the Allioqpmy of 
th* Brahmins, Edinburgh Tran/ Vol 2 m m 
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On th AJh oimry of th Greeks to the 'Time of Ptollmy 

'i 

12^7 It is agreed that the Greeks borrowed their knowledge of Aflronomy 1 
from the Lgyptnns and Chaldeans Plutarch relates that about ihg time 
of Hesiod, tjje fncnces began to unfold themfelves , but the progrefi which 
they made was very flow until the time of Thales, about doc^yeais befoie 
" the Chrifban sera That philofophei rendeied himfelf famous by foretelling 
an eclipfe of the fun , he howevei only predicted the yqai in which it would 
happen, and this he was piobably enabled to do by the Chaldean Soros, a 
period of 223 lunations, after which, the eclipfes return again nearly m the 
fame order He alfo expl lined the nature of eclipfes, and was the fit ft Gieeh 
who went into Egypt foi impiovement He is faid, by Hyeronymus in 
DipGENES Laertius, to have difeovered the year to confift of ^65 di)s, 
this he might have got from the Egyptians but Laertius feems to give a 
reafon to the contiaiy, foi he fiys that ** he fiift found out the tranfit horn 
the tiopic to the tropic, and was the fiift who called the lift diy of the month 
the thntieth He is faid by Pliny to have determined the cofmical rifing 
of the Pleiades to have been 25 days aftei the autumnal equinox He ftudicd 

* the couife of the fun, ahd made it s diameier to be the 720th pait of the whole 
heaven, 01 half a degiee, he was alfo acquainted with the zodiac, and its 
obliquity to the equator The fame author informs us that he computed a 
calendar, containing the times of the nfing and fetting of the ftais He is faid, 
by Callimachus, to have formed the conftclhtion of the LeJJer Btai 
Weidler attributes to Thales two woiks, one on manne Aftionomy, and 
the oth*r uppn the folftices and tiopics When Thalts was in Egypt he 
meifuied the height of the pynmids by the length of their fhadow, when tlu. 

• fun was 45 high He died 549 A C 

1258 The fcnolar and fucceffoi of Thales was Anaximandlr 
Accoiding to Laertius, he taught tint th eauh was a fpherc, and in the 
cenlei ol the woild that the moon bon owed it s light fiom the fun, and that 
the fun nas not lets than tJ?e eaith He is faid to have introduced the ufe of 
the gnomon Puny mentions that he fiift ditcoveicd the obliquity of the 
ecliptic He foitncd a geogi iphical chut, but it is uncertain whether he wis 
investor Ihe invention of the fun dial is given to him , tin however is 
doubtfid He 8iuf in the j ear 5 A C 

12^9 Anaxagopas aJio lived about ^ o yeais A C is laid to have pie 
di&cd an -eclipfe of the fun, which, accoidin D to IhucXdides, h ppened in 
\ ol II Kk tlu. 
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the firffc year of the Ptloponnefinn wai He taught that the moon was inhabited, 
and had plains hills and walei as our eaith has 

iz6o At the fame time lived Pythacopas Laertius ofleits, th it 
the fyflem he taught was that the earth was in the centei*^ with a diuinal 
motion, in the next place the moon then the fun and then the oibits-of the 
planets Plutarch however mfoi ms u that in his old age he itpuitcd 
that he had not affijjned to the eaith its pioper place From this we may 
conclude, fcbat he was acquainted with, and appioved of, the tiue fjflcm 
taught by Phii OLAUs,*his cotempoi uy lie afciibed the bnghtncf of the** 
Mi// y Jf ay to the effe£l of a gieai numbei of veiy fmall ftais And it is fold to 
have bten this plulolophei, who fli fl taught that the morning and evening fl u 
(Venus) aveie one and the lame planet He is alfo mentioned to have taught 
the obliquity of the ecliptic, *nd the pofition of the tropical cneles, by tin 
fpheie He thought the eaith was a globe, and admitted that thcie mij ht 
be inhabitants at the antipodes 

1261 Piiiloi aus, a difeiple of Pythagoras, lived about 450 jeai AC 
He taught the tiue fyftcm, placing the fur in the centei, and mil nag the 
eaith and all the planets levolve about it He was perfecuted foi piop 1 atm 
this opinion, and obliged to fly foi it and it is lemaikable, that Gat 11 10 
loft his liberty foi maintaining the fame Soon iftei this, wc find Hiei tas, 
aSyracufan aflerting the diumil motion of the earth 

1262 Mm on foimcd a cycle of 19 yeais, containing 19 lunai ycais, and 1 
feven internal aiy months This cycle commenced July 16, in the yeai 4^2 
AC 19 days aftci the furnmn folflice and the new moon w Inch lnppcncd 
on the tame day at 7// 4j in the evening, was the beginning of it I lais is 
Called llic Metomc fcytle 

1263 Eudoxus, a fcholar of Plato, fkmufhed about 360 yeais A C 
When young he tiivellW into Egypt, and conyeifing with the puelts, lie 
learned many things fiorn them 1 dating to Aftronomy He made the fohr« 
y^ii to confift of 365} days, and the fynodic revolution r>f th£ moon to be 
j.gd iih 43 38" Archimedes fays, that he eftimated the diainetci of the 
fun to be nine times gieatci than that of the moon Seneca fay , that he 
earned into Greece the elements of the motions Cf the planet JrL wiotc a 
treatife on the conftellations, which is loft Vitruvius fays, that, I udoxus 
made a fun dial upon a plane He alfo conftrudted a fph<*e The oibit of 
the moon he difeovered to have been indined to the ecliptic and that Hit, 
greateft latitudes did not always anfwer to the fame place,'" but that tfyy wtnt 
backwards, thus he difcovcied the motion of the moons nodes He coin-i 
pofed two wolks, one called the Minor, the othei, the Pluenomtnq In«thc 

lirfl, 
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firft, he defcnbed the conftellations , and in the fecond, he expluncd die times "* 
of their nfings and fettings Hipparchus was in pofleffion of thefe two 
woihs, but theysaie now loft He advifed mankind not to put any faith in 
the piejhdtions *J>f aftrologers 

1264 Armtotle telates feveral obfervations which he made He faw an 
eclipfc of Mars by the moon, and an occultation of a ftar in Ccrntm by^r (filer 
He obfei ved alfo a comet, the tail of which extended over one tjjud ot the 
heavens 

iz" 6 $ CalIppus hved about 330 years A C He couedted the cycle of 
Meton, and formed that of 76 yetrs He alfo made a colledhon of obfei 
vations of the nling of the ftais, and jomed to them meteorological remaiks ioi 
the fake of agriculture 

1266 Pytheas, who lived at Mai feilles in the time of Alexander, the 
Gieat, by means of a gnomon, found the length of the fhadow at the fummer 
folftice to it s height as 600 to 209 , fiom which it follows, that the obh 
quity of the ecliptic at that time was z 0 50 He fays alfo, that the fame 
piopoition of the height of the gnomon to the length of the fhadow was hue 
at Byfance , but this could not be, the liutk of the above conclufion thcietorc 
is thus tendered doubtful 

1267 Aristillus and Timocharis lived about ^oo A C and weic 
the firft Aftronomers of the Alexandrine fchool Their obfcivations wcie 
puncipally confined to the ftais, in ordei to fix their pofitions in the heavens , 
and it appears that Hipparchus made great ufeof them, difcovenng fiotn 
them that 'the ftars had a motion in longitude of about 1 in 100 year\ 
which, though notveiy exadt, feived to difeover that the equmodtid points had 
a retiograde motion 

1268 About 276 A C lived Aristarchus of Samos He obfei ved 
Jtke elongation of the moon fiom the lun at the time of the moon s dichotomj 
and found it to be not lefs dian 87 fiom whence he concluded that the dif 
tince of the lun was noL lefs than 19 times the di fiance of the moon He 
made the diameter of tht fun to that^of the eaith gieitei than 19 to 0 and 
lefs than 43 to 6 , and the dnimetei of the moon to thil of the citth, greater 
than 43 to iq8 and lefs than 19 to 60, this laft dctcuunation is noL fu horn 
the truth He agjced with I^iiiloi aus in lclpedl to the motion of the eaith 
abqjit the fun He fiys in his ticatile entitled De Mag mludinibits it Dt/umtus 
Salts* et Ltim, that the diametei of the moon 1 about ~ till was piobably 
ognly what he fiifl eftirnateu itnt , foi Archimedes lnfonns us thit he triads 
it ahput jO* He though* thcie was no piopoition between th difianre of 
the fun and that of the* hud ftirs Vi rkuviu lelues, that he mide 1 clod , 

it which is fuppofed to mean 1 fun did 
• 

1 


k x 2 
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1269 The next celebiated Aftionomer* was Eratosthenls, who was 

boin 276 A C He was invited to come fiom Athens to Alo mrtiia by 
Ptolfmy Eulrgetes, and made by him keepei of the igyal libiny 1 At 
his lequeft, Ptolemi fixed up Amtllas or circles of biafs, *n the poitico at 
Alcxandna, for the puipofe ol mal ing aftionomical obfeivations With 
theft:, Eratosihlhes meafuidd the obliquity of the ecliptic tnd detei mined 
the diftanq^ of the tropic to be to an entue circle as 11 to 8., this gives the 
obliquity 23 51 20 * and it is a very important obfeivation 1, fion its 
accuiacy, it pioves veiy ftuisfaftouly the obliquity is decrafing He alfcf 
fncalured 1 degieer upon the earth s fiuface by taking the difflunce of ll e 
zenith distances of a ftar at Alexandiia and Syeni, which he found* to be 
7 12, and the diftance upon the eaith was 5000 ftades hence, a degree is 

694* Hades How ncai this is to the uuth wc cannot fay a vie do not know 
in what ftades the diftance was meafmed , alfo Alexandiia andSjcni aic not 
und 1 the fune nteudian We owe however to him the meat of difcovenng 
the method M Weidler, fiom Plutarch, fays, that Ei aiosthlnes 
made the diftince of the moon 780000 Hides and the diftiucc of the fun 
804000000 ftades , but it is not mentioned by what method He attempted 
to numbei the ftais and went as fat as 673 He lived to the age of eighty, 
when he loft his fight, which lo afflifted him, tint, it is faid, he fluvcd 
himfclf •* 

1270 Archimedes, befides being the fiift of the ancient mathematicians, 

was alfo a good Aftionomu Hipparchus informs us, that he obfeivcd the 
fplftice, and, according toMAcROBius, he determined the diftance of the 
moon and planets, but to what accuiacy it does not appeal Cicero relates 
that he made a fpheie, on which weie repiefented the motions of the fun, 
moon and five planets, each with their proper lelative velocities He wts the 
fiift who affigned the true aiea of a curvilinear fpace When Syiacufe was 
taken by Marceleus in the year 21 1 A C he gave orders to fave Archi- 
medes but he was killed Ly a (oldier wlnlft he was di awing geometrical 
figures upon die ground, for not anfuenng the queftions that weic put to him 
Marceleus howevei lendeied him that hojjoui which was .due t <3 las 
mem 01 y • 

1271 Apoli onius of Perga lived about the fame time He was the fiift 
who expluned the caules of the ftations and letiogtade motions of the planets 
by epicycles (210) He is alfo celebiated foi lus Tieatife an the Qotfic 
Seftions , and the method of proj eft ions is alfo ^tribute^ to hinr • 

1272 Hipparchus the fathei of Aftronomy lived hetween 160 and 
123 years before oui .m, and was boin at Nice in Bithjnia He Was the fiift 
peifon who cultivated eaeiy pail of Aftionomy He began, by venfymg the 

obliquity 
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obliquity of the ecliptic, obfeived by Eratosthenes and found it very 
correft and this wa afteiwards confiuned by Ptolfmy He fixed the lati- 
tude of Alexandn» at 30 58' The length of the tiopicol yen he determined 
fiom thq lnteivoTof the icturn of the fun to the fime tiopic, 01 the fame equi 
nox and he conceived, that if he could get two corqefponding obfervations 
after a great number of revolutions, the erior would be piopoiuonally dgm- 
m thed, and this is me method by which future Aftwnomei detei mined the 
mean motions of all the planets, a difcoveiy of the fiijft lmpoitance in Aftro- 
nomy He cofapaied the obfervation of a folfhee by Aristarchus with 
one made by himfelf at the intei vvl of 145 years and found that the foJftice 
happened haif a day foonei than it ought to have done, if the year confided 
of 36 ci days, as the Gieeks believed bcfoie him Thus he deteimined 
the tropical year to be 365^ $$' 12' Horn law obreivations of the equi 

noxes and folfhees he found that they did not divide the yeai into four equal 
p-uts and he diicovered that the inteival fiom the vein il to the autumnal 
equinox was 186 day , about feven days longer than the inteival fiom the 
autumn il to the vernal equinox Thus he found that the motion of the fun 
was nor unifoim But mfiead of explaining this by an epicycle, which he 
did at full, he conceived the idea of placing the earth out of the center of the 
circle in which the fun was fuppofed to move, which would account for this 
incgulaiity The invention therefore of the exccntucity of the 01 bit is due to 
this Aftionomer Upon this pnnciple he computed two Tables of the fun s 
motion one of it s mean motion and the other of it s inequalities, which 
is the pnnciple of 3II our aflionomienl Tables at this time The difeovery 
of tire inequality of the fun s motion led him to another of gicat lmpoitance, 
the inequality of days He knew the two caufcs which pioduced this in 
cquilny and f\id then effects wete not fenfible in one day but became fo by 
accumulation He was miftaktn however in the quantity making the maxi- 
mum 3 3 -»o" We are indebted to him therefoie for the difeoveiy of the 
principle of the equation of time T imoch aris found that the flar called Spica 
Ftt gnus picceded the autumnal equinox 8 , Hipparchus difeovered that 
at his time it did not precede moie than 6 , and he found the fame of otha 
ftais But nqt conceiving it pi ob able that all the ftars fhould have a motion 
without changing then lelative fituations, he conjeftured that the cquino&ial 
point had a ittiogudc motion, which he made about 1 in 100 yeais lie 
found that the flqs changed then declination , but not their latitude , on this 
account tie i evened the fly , not to the equ itoi but to the eel puc Having 
difcqvcied the piecefiion ot the equinoxes he found that the fadueal ycai was 
more than 365^ 6 h By obfeivalions on the moon, he difcowyed that it 
deputed fiom the ecliptic 5 on each fide, and thus he fixed the inclination of 
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r it s 01 bit at tint quantity He difcoveied alfo that it s nodes were moveable 
By obfeiving the diflance of the moon from the liars duung the night, afiei 
allowing foi it s motion, lie found that it s fituation in lefpwft to the ftars \ i 
ned alfo as it s alutude vaued He alio knew that an cclipie of the fun was 
not the fatpe on diffeient pails of the eaith , and thus he difcoveied die moon 
to Have a parallax This fuggefled to him the method of finding the diflance 
of the fup (156) Hetompaicd the ancient obfemtions with his dwi, and 
found, that in the intesval of 126007 d the moon made 4573 levohilions 
m refpedl to it s apogee, and 4712 revolution , wanting 7 30', m refpeft to 
the liars But that the latitude, and confequently the eclipfes, did not ictuin 
the fime till about 3458 months, duung which time the moon made 5923 
revolutions in refpeft to its nodes Hence, he found its levolutions in 
lefpett to the 


Sun 29 d iz' 44' 

Apogee 27 13 18 .>4, 

Node 27 5 5 35; 

Stars 27 7 43 13 

He difcoveied an inequality of about 5 of the moon, fimilar to tint which 
he had difcoveied of the fun, and lepiefcnted it in the fame mannei M 
Bailly thinks that Hipparchus had detumined the mean mplions of the 
planets Ptolemy does not mention upon what obfcivations the levolutions, 
flated by him, were mode , and his lilence on that point, lendeis it probable 
that the determinations are not his, but thofe of Hipparchus He made an 
lnfliunient to meafuie the diameters of the fun and moon but Pi or rMi does 
not fay that he made ule of it it is pioboble howevei thaf he did, as he 
makes the diametei of the moon at the mean diftance A new 
having appealed in his time he deteimincd to make a oataloguc of the fixed 
ftars, in oidu. that pofteuty might know whctliei any changes had taken place 
m the hcaaens Thts catalogue contains the latitude and longitude of 102- 
ftois, with then appaient magnitudes Ptoeemy publiriied Ihcfe in his 
Alimgeft, avith then longitudes for that time Hiiparciiu^, divided the 
heavens into 49 cooftellations tint is, 12 in the eeliptip, 21 to the noith, 
and 16 to the fouth He earned into Geography the plan which lie ludfpl 
lowed in Aftionomy, and laid down the places upon she eaith s fuififlfc by 
then latitudes and longitudes 1 he determinattun of the circumfuenct of the 
eaith alfo occupied his attention and he added 2^000 {lades to the nwfuic 
given by Eratosthenes He appears to have colleded VI the eclipfes of 

the 
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ihe fun and moon he could meet with obfeiyed by the Bibjlomans The 
woil s of ibis great Aftionomci aie found in Ptolemy s Almageft 

1273 Aftionomy made little or no pi,ogiefs fiom the time of Hipparchus 
to that of Pi on my, who wis born in the yeai 69 of oui <era His great 
woik on Aftionomy is entitled M.tyx\n Suvro'^tf 01 Ci cat Conjli uEtiou , and the 
Aiabs gave it the name of Almageft by which it is now ufually rill d Xlus 
work is imaluable, b*Dth as containing his own difcoy cues, and as jjieftiving 
thole pf Hipp irchus It was known Lhit the moon was fubjett to a very 
conlidetable equation, which wa fixed at 5 1 at it s maximum BuL Pto- 

lem\ difcoveied that this was true only when the apfides were in qu admires, 
and that when they weie in fyzjgies it amounted to 7 40 the diffeience 

2 39 he called a fecond inequality which differs but t veiy little fiom what 
is obfeited at this time He conflru&ed an mlhument to find the puallax 
of the moou which he made 1 7 at the zenith diftance 50 , t qu tntity much 

too gieat He ilfo attempted to find the paiallax of the fun which he made 

2 51 He 1 ud tint when the latitude of the moon was gi eater than the lum 

of tlu. femi diuneteis of the moon and eatth s fltadow, tint theic could be no 
cclipfc of the moon And if the latitude of the moon weie Ids than the fum 
of Ihe femi diameters of the fun and moon, theie would be an echpft of the 
fun But to tell whether it would happen at any paiticulai place, he found 
ft necefiaiy to apply the moon’s parallax When he therefoie difeovered that 
the earth would be fomewhere eclipfed, to dcteimme whethei it would happen 
at any paiticular place, he computed the place of the center of the moon for 
fevcral fucceffive inftants, and applied to them the refpedive effedls of puallax, 
and t]p.us he got the apparent diftince of the centcis of the fun tnd moon, fiom 
winch lie deduced the times of the beginning and end The element called 
the leduftm to ihe ecliptic he perceived and explained It appeals alfo, that 
befoie the time of Piolemy {hey lcckoned the digits by the twelfth paits 
<JF the furface and not of the diametei The fyftem of the plai cts winch he 
embiaced is well known He explained then motions by meins of an epi 
cnclc lcvolving upon an jjxcentnc circle, but he was not able to find their 
rehtwe diftances He confnmcd the difcoveiy of Hipparchus, of the pre- 
ceflion of <he equinoxes Both P roiiMY and Hu parchus dtteirmned 
the longitudes of the {hrs by comparing them with the fun And as they tie 
not vifible in the flay they ufed the moon as an mtefmedi ite obfcivition 
He deduced the 49 co lftell itions to 48 He mentions Bei emcee Hair, but 
did not idmitat a conftellauon He was acqunnted with the eftcdl of lefiae 
tion, having written a Tieauk on Optic whcie it is mentioned Ar hazln 
quoted this Tieatife, which exifled in hi time T he Almageft is divided into 
thnteen books 


In 
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In the fnft, he endeavours to (how that the earth is at left m the c<“n!< of 
tht univtrle that it is fpheucal, and but a point in companfon of the dih ncc 
of the filled fins lie dlo treats of the feveial cncle of the _c nth a ltd then 
poGuons in a light Iphcre • 

In the fecond he tirats of the habitable paits of the caith, and of tbe natuie 
and pofitions of it s cades in a light fpheie 

The t^nd booh t eata of the tiue length of the yeai »f the unequal motion 
of the fun in the ecliptic, and alfo of the unequal length of days and nights # 
it hi ewife contains 1 able of tl e fun s mean motion, and precepts for ufing 
them * 

In the fourth, he treats of the lunai motions , give Tables for computing 
them, and exhibits the punciples, and obfervations on which they aie 
founded 

In the fifth, he beats of the excentriaty of the lunar orbit, and the inequali- 
ties of the moon s mouon affigns the magnitudes of the fun, moon mid earth, 
and their diftances fiom one anothei 

In the fixth, he beats of the conjunftions and oppofitions of the fun and 
moon, the limits of iolar and lunar echpfes, and gives Tables for computing 
the times when they will happen 

In the feventh, he peats of the fixed ftars defcribes the vanous conftellations 
by means of an utificial fpheie , rectifies theu places to his own time, and 
fliows how diffcient they then weie fiom what they had been in the times of 
Timochatis, Calippus, Hipparchus and otheis and concludes with 
a catalogue of the ftais in the northern hemifphei e 

The eighth book contains a catalogue of the ftars in the fouthern hemi 
fphere, os alfo a catalogue of the ftais in the twelve zodiacal conftelhtions 
this catalogue of the ftars is the oldeft extant, and therefore gonftitutes a veiy 
valuable part of the work The book concludes with a difcouife on the Galaxy , 
or Milky way, and an account of the rifing and fetting of the fun and ffx£fct 
ftars 

The ninth book treats of the oidei of the placets, and of theu penodicvl 
revolutions contains T ibles of their mean motions , and concludes with the 
theory of Meicuiy* and accounting foi its vanous phenomena as feen fiocn 
the caith 

Books the tenth and eleventh treat in like manner, oft the vanous pheno- 
mena of the pi inets Venus, Mars, Jupiter, and Saturn, and fhpws hotv-the 
Tables have been coiredted fiom the obfeivations of picdeding ^tftramomeis 

The twelfth book treats of the ftationaiy ancl retiogiade appearance of \hc 
planets and the thirteenth of llicir latitudes, the inclination of then Orbits, 
nfings, fettings, &c 


Ot 
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Oft tb$ AJlronomy of the Arabs, Perfians, and Tartars. 


1274 Almamon, an Arabian Aflronomer, lived about the year 
lie began his obfervations upon the obliquity of the ecliptic, which^Jje deter 
mined to be 23 , 3$', according to Golius, but m^notber edition of this 
author, it is 23’ if This is related in the Elements of Aftionomy, by 
Altergen About the fame time it was determined by Caud, Abultisus 

Sened, and Alis, to be 23 33' 5 *' We ma y theiefore ** the obllc l ult y f 
the ecliptic at that time at 23 34', with the probability of it s being near the 

127^ Thebith, who was boin about the jcai 836 determined the length 
of the fidereal year to be 6 h 9 ' n , and made the equinoftial points 

lo have a motion fometimes dire£t, and fomatmes letrograde He found 
the obliquity of the ecliptic to be 23 33 30', and concluded it to be 


variable , , ... 

1276 Albategnius, who flounlhed amongft the Aiabs about the middle 

of the 9th centuiy, was the gieateft Aftronomei fince Ptolemy Dr Halley 
calls him, AuEtor pro fuo feculo admtrandt acwmtus, ac m admtntflrandts obferuattombus 
enerettattffimUs rinding that Ptolemy s Tables of the moon and pi wets 
were defe&ive he conftrudted new and moie correft Tables He made the 
motion of the equinoxes to be 1 in 66 ) ears, inftead of 100 years, as it had 
been befoie fuppofed and examining the obliquity of the ecliptic, he found 
it 23 35 , but if his obfeivations be coircfted for parallax and reflation, it 

becomes 23 35 47 Ihe theory of the fun alfo engaged his attention, he 

foynd the excemricity of the earth s orbit to be 3465, the radius being 100000 
The place of the apogee he fixed at 22 of Gemini and ProLTMY having 
placed it at 5 30, he difcoveied that the apogee had an annual piogicffive 

motion of 59" 4 in lc'pedt to the equinoxes, and (accoidmg to him) the 
motion of the equinoxes being 54' 32'" the real motion fiom hence is 4 32 
He gave two equations to the moon, the fame as thofe which Ptoltmy dif 
covered He alfo obfuved two edipfes of the moon, and two of the fun 
Ihvfc difcovenes appeal in a work of his, entitled, De b! timer ts it Motibus 
Stelhi utftj which coptuns alfo feveral problems upon the dodtunc of the 

Ipheie * , 

1277 Abu Mahmud al Ciiocandi, who lived about the year 992, with 

a fextant of 40 cubits x uhus, found the obliquity of the ecliptic 53 32 21 , 

the limb of tins qoadiant was divided into feconds 

• Vol II L f 


1278 Alba- 
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1278 Albaturnius abui Rian, about the yeai 99$ accoidmg to 
Mr Bernard 01 about 1070 iccoiding to Abui faraoius with 1 qui 
drvnt of 15 cubits ladms, made the obliquity of the ecliptic 23 

1279 Arsachel, who lived about the yen 1076 comflul ihe tlitoij 

of the fun, by making a gieat number of obfeivations in vauous puts ol the 
orbit He made the obliquity of the ecliptic 2 0 34 

1280 Alhazen wrote upon the twilight, the beginning of which he midi 
when the fun wis about 19 below the horizon, and he computed the h^ght of 
the atmolphere to be 51 8 miles fuppofing the cucumteienpe of the euth to 
be #4000 miles He wiote a Treatiie on Optics in feven books, in which he 
explained the tiue principles of the tefiadhon of a lay oflighl thictfgh the 
air, and give a method of finding die quantity of it He lived in the eleventh 
century 

1281 The ufe of the pendulum was known to the Ai tbs but no recount 
is given of the inventoi or at what time he lived This vciy impoitant dilco 
very ought to have immoitalifed its authoi 

1282 In the yeir 1072, the Sultan Melicshah employed Aftionomeis to 
colietSt the length of the }eu and Omar Che yam detei mined the length ol 
the tropical year to be 36 5^ 5^ 48 48 the veiy fime quantity it which it 
is now fixed by M de li Lande He alio counted the cilendai 

1283 In the twelfth centuiy Chioniadls a gieat mithemitiuin <JF 

Conftantinople, obtained peimifiion to lmpoit many books fiom I lebi/ond in 
Perlii, from which we find that the Pei bans had cultivated Aflionomy with 
great fuccels as then Tables of the motions of the pi mots, thofc of 
Metcury excepted, were veiy exact M de IIsle deduced fiom thele TLablcs 
the tropical year of the Pufians to be 36 S d S h 49' / 30 ', the annual mo 
tion of the apogee f if 12' ", md the fidueal year 36 $tl 9* 55 9 o 
The obliquity of the ecliptic in theft Tables is 23 o5 , the equuion of the 
center of the fun 2 o' 30' and die place of die apogee, in the fiift ycai <3 
UIeSDEGIRD, IS 2 17 30' 7 

1284 In the thn teen th centuiy Jived Nassirxddin, who conftruftcd 

Tables from obfervations made at Mtragh He made the obliquity cf die 
ecliptic 23 30 \ 

1285 Al Noddam, who lived foon aftei Namireddin, nude the 

obliquity of the ecliptic 23 , and difcoveied diat the obliquity was de 

creafing J 

1286 In the fifteenth centuiy lived Ulvgji Beigh, a pnn*e of Tutary, 
and giandfon of the fimous 1 amerl ane He hod a gnomon 1 80 feet high, 
with which he made his oblervations of the fun, and the Tables which’werc 
tonftrufted from them weie fo exad, that they difteied but a veiy little fiom 

diofo 
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thofl of Iicho The Tables aie divided into foui pails, the firft tieats of 
the epochs the fecond, of the times of 1 evolution , the thud, of the motions 
of the planets , tt$ fourth of the fixed ftars He detet mined the picceffion 
of the equinoxes to be i in 70 jeais We find ilfo in his Tables the equation 
of the funs centei x 55' 33' 12 which difFeis only 21' 30" fiom the 
Tables o( M de la Caille Alfo the epoch of the fun for July ^ 1437, 
19/; 40 40" at Gieenwich, is found to be 4 29 16' 24', whici is only 
1 48' lefs than jp the Tables of Halley It is lematkable, that the Onen 
talifts difpofed the Tables fo as to have all their equations additive which, we 
have fiiu.e followed The fideieal yeai he made 365^ 6 h 10 8' 9' 23"" 
He alfo -determined the obliquity of the ecliptic to be 23 30 17 , but if his 

obfervations be propeily coriedted foi paiallax and reflation, it comes out 
2 3 a 1 ' 58 Hr alfo made a new catalogue of the fixed ftais He was put 
to death by hi own fon in the jear 1449 

1287 It is to the Aiabians that we aie indebted foi the prefen L foim of 
Tngonometr} They fiift made ufe of the fines nftead of the chords of 
doublt the aiCs Araakel left a Table of fines, fuppofing the diameter to 
be divided into 300 parts Geber invented two theoiems which aie the 
foundation of modern Tngonometiy 

1288 In the ninth centuiy, the Arabians made their way into Spain, and 
thus by their intercouife with ill the weftern parts of Euiope, they commum 

* cated to them the knowledge of Aftionomy, which foi fbme time had been 
loft in th*\t pait of the world 


On the Progrefs of JJlronomy, fiom its Rtfoiattou in Euiope 

* 1289 The empeioi Frederip II of Geimanj, who lived about the yeai 
1230 was a gicat encouragcr of the aits and fcicnces, and eftablifhcd uni 
veifities lot that purpofc He oideicd a tranflauon of the Almogeft ol 
Ftol^my 

1290 Sacrobosco, born at Halifax, acquned gieat leputation by hi 
knowledge in Aflionomy He ftudied at Oxfoid, and often* aids at Pans 
He v-rote a Tiealifc on the Spheie, containing an account of the celeftial 
cades, the motions of the ftais and planets, the nfing and fetting of the figns, 
the diveifiLy of days, nights and climates and the caufes of eclipfcs This wa 
compiled fiom the Almigeft, and fiom fome of the Atabian Aftronompis 
He alio wide upon the calendir, and the ecclefiaflical computations which 
vas it that time a fubjedt that engaged the attention of Aftionomcis He 
died in the yeai 1246 


l l 2 
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1291 About the yeai 1240 Jived Ali honsus X king of CafUIe Tin, 
JTiblcsol Ptollmy becoming defe<fh\e be, in tbe life of Ins fathci, called 
together the lenned in Aftionomy, who met at lolcdo v ind made new 
Tiblcs, which weie called the Alphonjme Tvbles in honour of tint punie 
They weie publilhed in thp ycai 12 152, the fiift of his ieign 1 he Tables 
woe founded upon the lane punciples as thole ol Pjtolemy, and on the 
lame f)fl£tn , and the couedhon confifted in th at of the mean motions The 
Tew R Is a ac Ai i nsid lui named Hazan, was the principal authoi o/thefe 
Tables This king was depofed by his fon , and Mafiah a laid, tint he loft 
the eaith bj contemplating the heavens 

1292 About this time lived Roger Bacon, a learned Fnncifcan, who 
wrote leveial woiks lciatuig to Aftionomy He obfcived, that fiom the tune 
ot the icformation of the calendar by Julius Cxsar the cqnmoa.es and 
tiopics had anticipated nine days upon the time when Ptolemy hid obfcived 
them, and thence concluded that the anticipation was at the late of one diy 
in 125 years He had the honour theiefoie of dilcoveung the neceffity of coi 
renting the ealendu He undeiftood the effedt of fphencil lcnfcs, but it does 
not ippear that he combined them to foi m a telefcope 

129J The cudinal Nicolas Cusa difeoveted fome eirois in theTibles 
of Alphonsus and he wiotc alfo upon the lefoimation of the ealendu H* 
lemarked, that the motion of the fixed flat in the Alphonfinc Tiblcs did not 
agree with the obfcivations of Ptoi emy He ippeus to hive been the full 
among the modems who lenewed the idea of the eaith s motion lie died in 
the year 1464 

1294 About the fame time lived Purbach, a confideiable Aflionomci, 
who ftudied in the univeihty at Vienna He wiotc upon the theory of the 
planet*, and attempted to coriedl the Table-'" of Ptolemy and Alphonsus 
He calculated a Table of fines for evety ten minutes, to a lidius of 60 as 
Ptolemy had done, but he augmented it by five cyphcis, on which account 
he is fuppofed to have been the inventor of decimd authmcuc He con 
fliudted a celeftial globe and added to it a catalogue of ft 11s By combining 
the hypothefes md elements of Ptolemy and*“ALPnoNsus, he give a more 
convenient foim to the equations In the yeai 1460, he printed a woik, en 
tilled, Theorie ties Plarietts In his folu Tables he placed the fun s apogee in 
the beginning of Cancel md he ufed z 0 33 30" foi the obliquity ofj.be 
ecliptic M Weidler gives a catalogue pf twenty wonts of this i^ftroflomei 
129.5 Blanchinus of Bologna, an AfbouOmei cotempoiaiy with PtfR 
bach, was ptoftffor of that fcience at Feriaia ibout 1458 £lc cumpofcd 
new Tables of the celeftnl motions, which he dedicated to the cmpeioi 
Frlderic IU They were firft printed at Venice in 1485 

1296 The 
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1296 The next celebrated Aftronomer was John Muller, of Komfberg, 
a town m Fiancoma, better known by the name of Regiomontanus that 
woid being a Latin tranfhtion of the German word Ko,uJberg Encouraged 
by the leputation of Purbach, he wept to Venice at the age of fifteen, and 
became his pupil Upon the deith of Purbach her went to Rome, and 
mode there fome atyionomical obfervations , but in 147 1, he ictiredfto 
Nuremberg, where he met with Bernard WaitAbr, a zealous ^Tiend to 
Aftionomy, who was at the e\pence of conftru&mg foirife valuable aftronomtcaj 
jnfliuments, with which Regiomontanus made obfervations Pur bach 
and Regiomontanus difeovered the imperfe&ions of the ancient obfervations, 
by an obfervation of Mais compared with two fears neu it whereby this 
planet was found a diftant from the place given by the Tables X he ,n ^ iu 
ment which Walthlr made was an armilla, but much inoie complete than 
any which had been before conftrufted It feived to obferve in the plane of 
the ecliptic the equatoi and in the cncles which are peipendicular to it 
Thus they obh ived the latitudes and longitudes of the heavenly bodies to a 
confideiable degice of accuracy Purbach and Regiomontanus confidered 
the heavens as a great dial, and that the ft irs would pds in fuccdhon ova any 
meridian at the rate of 15 in an hour This is the principle of the modern 
method of finding the light afcenlions of the ftais Regiomontanus 
computed an Ephemeris for Jo years forwaid In the month of Febiuaiy, 
147a, a comet appeared, on which he made obfeivations, and it was the firft 
that had been obfeived in Europe Pope Sixtus IV wiflied to ltfotrn the 
calendar and fent foi Regiomontanus to affift in that woik, in conlcquencc 
of which he went to Rome in the year 1 47 ^ n d died of the plague in the 
jcu follavying Othei 1 ucouots hovvcvei ftate that he \/as put ta death by 
the fon of 1 tapezuntius in revenge foi Ins having deteded enon in the 
fcnnflation of the Almageft by their falhei Schoni r docs him the honoui 
of afeitmg, that he was a favouici of the fyftem of the caith s motion 

1297 Blinard Walthtr was born at Nuicmbeig in the ycai 1430 
Aftei the death of Regiomontanus he continued to male obfuvations , 
and in the year 1484, he made ufe of clocks in oidei to meafuic time The 
firfl obfeivatipn he made with a clock wa°, to find how lofig Mercury lofe be 
loit the fun In an eclipfc of the moon Fcbniary 8 14871 wc h® naaikcd 
thu time by the clock Hu parchus and Ptolemi found the longitude of 
the ftais by compiling them with the fun making ufe of the moon as an in 
tanned late olofuvation , but Walther made ufe of Venus inftcad of the 
nioop* which was much noiecxad, bccaule ns motion is flowu and alto 
on account of it $ pai ollax being fo fmall He made the longitude of Aide 
baron a ^5' of Gemini, in the ycoi 1491 His obfuvtuons wue of echpfls* 

of 
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of the longitudes of the phnels and fixed fins, of the conjunctions of the 
planets with the planets and with the fixed ftais of then diftmccs and occul 
titions He obfeived the tffeCt of refiaftion upon the fun fj, the honzon 

1Z98 Dominic Maria was bom at Tenaia in 1464, and was mathe 
matical plofelFoi at Bologna He applied hnnfelf with gieat diligence to the 
making ol celeftnl obfervations, and it was by his example and encouiagement, 
that Coi^rnicus was excited to cultivate piaftical Atlionomy lie made 
the obliquity of the ecliptic 23 29 

1299 John WERNnr was boin at Nurcmbeig in yeai 1468 He went 

to Rome in 1493, whcie he devoted himfelf to mathematics, tlltonorpy, and 
aftionomical obfeivations In 149b, he letuined into his own countiy and 
defcubed the motion of a comet, which appealed jn Apnl in the jcai 1500 
He determined the motion of the fixed flais to be 1 10 in 100 jcais and 

made the obliquity of the ecliptic to be 23 28 He confliu&ed a michmc to 
leprefent the motions of the planets accotding to the Ptolemaic lyflcm 

1300 The next Aftionomci of eminence was Nicholas Coptrnicus, 
who was boin at Thorn in Piuffia, Januaiy 19, 1472 Fiom his eulieft jeus 
he was veiy fond of mathematical ftudies, and when he lud learned the nle 
of the aftiohbe, and began to undciftand the pnnciplts of Allionomy, he was 
fo ftiuck with the leputstion of Regiomontanus, that he lcfolved to git» 
up all his attention to that Rudy He went to Bologna to vifil Dominic 
Maria, a profefioi of Aftionomy at that place, fiom thence he went to 
Rome, wnere he was made piofeffoi of mathematics, 'and wheie lie made 
fome obfervations about the yeai 1500 Returning to his own countiy, he 
applied himfelf to the Rudy of Aftronomy He meditated upon the aaiious 
fyftems, md examined all the hypothefes, a cbculai motion of the planets 
abouL the eaith he found would not folve the phenomena, and he could not 
admit the do&nne of the epicucles of Hipparchus and Ptoi tmi, winch 
fuppofe the bodies to lcvolve about an imiginary centei, and which, fiom 1L & 
complexity he thought altogether unwoithy of it s gieat Authoi He dilco 
vered that Philolaus hod placed the fun in the centei, and tint Nicjtas 
had given the eaith 1 lotation about it s axis, 'and this led him to loim the 
fyllem which now goes under his name He was pleafed with the idea of 
placing the fun, as being the moft gloiious body in the heavens, in the center, 
ruling as it wcie and directing all the reft and was delighted with the -fun 
plicity, and humonyof the whole He faid that ‘ by long obfelyitions he 
difeovered, that if the motions of the planets 'be compaied with that of the 
earth, and be eflimaied according to Lhe times in which they peifornr then 
revolutions not only theu feveial appearances will follow fionj this hypothelis, 
but it will lo conncft the order of the planets, their orbits, magnitudes and 

diftancxs. 
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diftances, -tnd even the ippaient notion of the fixed ftars, that it will be itn 
poffible to remove one of thefe bodies out of its place, without difoidcnng 
the reft and even the whole umverfe alfo He alio leifoned upon guutj 
and defines it to be “ a certain natural defile, given by the Supieme Being to 
all the paits of matter, by means of which they tend to unite undei the form 
of a globe ’ Hiving eftabhfhed his fyftem, he made obfcrvatiom and ft a* 
paied them with the ancient ones, in older to coircdt the Tables '"For this 
puiptfe he made himfelf a quadiant and paialla&ic ulers, and other inftiu 
ments defenbed by Ptolemy He made the preceffion of the equinoxes to 
be i in 72 years, the obliquity of the ecliptic 23 28' 14*, the excentncity 
of the eaith s oibit 323, the radius being 10000 and the place of the eaith s 
apogee 3 6° 40 In treating of the letrogudation of the equinoxes he 

obfeived that it had not a hbiatory motion, as Thebith imagined He re 
marked, that the obliquity ol the ecliptic decreafed, and alfo the excentncity 
of the earth s orbit, and thence concluded, that thefe cucumftances depended 
upon the fame caulc He made the length of the tiopical yeai 363*/ 49 

24 , which diffuing from the dctermin itions of Ptolemy and Albategnius, 
he concluded tint it was fubjedt to change In order to explaip the nrcguh’ 
liti^s of the motions of the planets, he retained the epicncles of Ptolemy 
He adopted Ptolemy’s two equations of the moon , and having obfeived it s 
phi allaxes he found the greatefl to be 65' 48 , and the leoft 30 19 and 
the conefponding diftances 325- and 68, femidiameteis of the eaith, the mean 
diftance therefore was 6o, He attempted to get the puollax of the fun by 
the method ufed by Ppollmy and found it to be 3', and thence the funs 
diftance 1179 femidiameteis of the earth The diameter of the fun m it 
apogee he nude 31' 48 and m its perigee 33 34' When the moon was 
in its apogee -Hid in conjunihon ol oppofition, he made its diameter 0 o, 
when in peugec ^3 when the anogee was in quadiatuies, the diuneteis he 
found to be 28 43 and 36 44 His gieat woik on Aftionomy is intitlcd 
Ajhotiomta Injiuut oici^ and is divided into fix bool s I he f\ft contun an ac 
_ count of his fyftem, and h*s reafons foi vfluming it togethei with fome geo 
metric-'l theoiems, and the dqiftrine of phne and fphcncal Tngonomctiy 
The ficond contains the doftune of the fphere The third tieats of the cqui 
noxes, folftices, obliquity of the ecliptic, the theoiy of the earth s motion, and 
the inequality of folai days The fourth truts of the motion of the moon 
and Jtxlh aie upon the theoiy of thepluiLts This wotk was com 
pleted abotrt the yen 13^0, Ijct it was with the utmoft difficulty that his 
fuends,^even m the lattei part of his life, could perfuade him to pubhfii it 
*at length howeve/then entieities pievailed and he deliveicd it into then 
hands to be publnhed, and received a copy of it, only a few houis btforo 

he 
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he died, which happened May 23, 1 ^ 43 > in the feVent y firft ^ of hw 

i 30I Erasmus Reinold, born at Thuung in the yen 1511, publilhed 
feveial pieces on Aftionomy The Pruflian Tables which her publilhed for the 
meridian of Komlberg me fud, by M de la Lande, to be more coiiett than 
thoife qf Coi ernicus 

130^ ReinlRus Gemma, furnamed Trisius, was boin in 1508 lit 
invented a new projection placing the eye in the vernal equinox, aijd pio 
jewing the cuclcs upon the folftitnl coluie He alfo wro*e two tiadts on 
Afl-ronomy and'piopofed to find the longitude by the moon 

1303 Schontr was bom at Caroldftcad, and fludicd Aflronofhy and 
mathematics at Nuiemberg He made two obfeivations on Mucuij , which 
were of great ufe to Copernicus He improved the methods of making 
obfervations, explained the calendai, and publill td a defenption of the cailh 
by means of the tcneftnal globe He died in the yeai 1547 

1304 Jean Homelius was boin in 1518 He made many aftionomieal 
obfervations and amongft others, he found the height of the pole it Lupin , 
which Tycho approved of Sulterus, a pupil of his, was the nuftei of 

Ttcho „ . . 

1305 Peter Nonius was born at Alcazar in Poitugil, in the yeai 149- 

He fiequently m ide aftionomieal obfeivations and being difiatisfied with tfe 
inftiuments then in ufe he invented 1 quadnnt, and giaduated it in the fol 
lowing manner He defenbed feveral concentuc cncles, the outeimoft 1 % 
divided into 90 equal parts, or degiecs the next was divided into 89 equil 
parts, the next into 88, and fo on hence the index of the qutdianj; mull 
left upon or very neai fome one of the divilions, fiom which he ealily com 
puted the degrees in die aic He wrote upon the twilight , upon navigation , 
upon the propel ties of the thumb lines on the globe , on iftionomical lnfliu 
ments, upon vinous aftionomieal problems give a defenption of' a 
nautical plane fphere, refolved a problem of Aristotli eonceining 1 
(hip dnven by oars, and made fome jemarks on *he theoicms of 1 j urbacii 
He publilhed a Trevtife of Algebra in the Spynfh language, at Antwei*) , mil 
proved that OroN n us was deceived in luppofing that he had fquaied tin 
cucle, and doubled the cube by geometry He alfo found flic time of tin 
yeai when the twilight is fhoitcft He died in 1577 

1306 Peter Aptian was bom it Leifnig, in Pohnd, in the yeai, 1*49? 
He publilhed a woik in 1 $40 called the Cafofea# Aftionomy dedicated to the 
empeior Charles V and Ferdinand his brother, to fhow how aftidno 
mieal problems may be refolved by inftruroents He Ihowed how to obfuie 
the places of the ftars by the aftrolabe, and taught herw to iiedift echples, xm\ 

delinc we 


r 


r 



THfrUJISTORY OP A9TR.0N0MY 


* 7 ? 


delineate them on a plane He ©bfeived five comets, one in the yeai ij^i, , 
one in 15,2 one in 133^ one in 1538 and one in 1539 and he firft 
lemaiked that then tails ue always turned fiom the fun He died in 1552, 
leaving behind him an Ephemens fiom 1 534 to 1570 unfimflied 

1307 George Joachim Rheticls was born in Rhetia He was a 
pupil of Copernicus, and in older to facilitate aftionomical calculation^ he 
began ts> conftruCt a'Table of fines, tangents and fec<jnts, for e\ery tty*-feconds 
of th$ quadiant, but he did not live to fimfh the work,, He died at Caffobia, 
in Hungary, in the year 1576 

i 0 o8 William IV Landgrave of Hefie, diftmguifbpd himfelf gpeatly 
by promoting the ftudy of Aftronorny He tpplied elolely to this fcience, 
and attached himfelf to Christopher Rothman an aftronomei, and 
Jostus Burgius, an excellent inftiument makei With this affiftance be 
ereCted in obfetvatoiy on the top of his palace at Cafiel and furnilhed it 
with qu idrants, fextants, and various otliei mftruments , and widi thefe he 
made a gieat numbei of obfuvations which Hlvllius piefetied to thofeof 
Tycho Tiom thefe obf^nations be detei mined the latitude and longitude 
of 400 ftais, which he infei ed in a catalogue rectifying their places to the 
year 1393 He died in the yeai 1592 

1309 Gtrard Mercator, born in Handera in the year 1512, made 
■globes, and conftruCtcd a gieat many geographical maps 

1310 The next Aftronomer of any confequence was Tycho Brahe, bom 
■* of noble parents at Knudftrop in Scania m the yeai 1546 When he was 

only fourteen years old he was ftiuck with aftomfhment at obfervmg an eclipfe 
of tlje fun to happen lo veiy neai the time it was predicted , and it feems 
as if this led him to the ftudy of Altionomy In 1363, he obferved the great 
conjunction of j.he fuperiot planets and m tracing the couifes of the planets, 
and comparing them toith the Tables of Alphonshs and Copernicus, he 
Tvflv that the Tables weie fubjeCt to gieat enois In announcing the gieat 
conjunction, the Tables of Alphonsus cued a month Novembu n, 1572, 
he difeovered a new ftai in Cqffiopea s Chan this ftai was gicatei and moie 
bnllunt than Lyra and Proc^on, and was feen in the middle of the day , but 
at lengtn *t s bughtnefe declined, and it died away gtadually, and difappeaied 
m 1374 Iu was obferved by all the Aftionomeis in Euiope This ph<eno 
menon excited T i cho to make a new catalogue of the fixed ftars which 
cGtitauied the plices of 777 rectified to the beginning of the yeai 1600 In 
Head ol the moon which was ufed to conneCt the fun and the ftars he made ufo 
of Venus, as Walthtr had done before lnm Tycho being lccommended by 
• the Landgrave of Hefie, to Frederic II king of Denmark lie gave him the 
ifland of Huenna, and fupphed him with, money to build an obleivatory, to 

Vol II Mm furmfli 
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fumifli it With mftiuments, and to fupport hnnfelf This Tycho very gladly 
accepted, and called the name of the building Utamburg It was fuinilhed 
with the bell inftruments, confifting of quadrants, fextants, circles, tflnnlla., 
paralladtic rulers, rings, aftrolabes, globes, clocks and fun*' dials Thefe in 

ftruments were of exgsllent workmanfhip ind far moie accurate than any 
whwdi had been befoie made Moft of the divilions were diagonal but be 
had on^iuadrint divided according to the method of Piter Nonius The 
whole expcnce is fud* to have amounted to 200000 ci owns Heie TycHo 
made all his obfervations of the ftais comets and planets, even to Mercury , 
whiCh Copernicus had never been able to fee He firft dcteimincd the 
place of a fl.tr by obfervmg its azimuth and the time of ptffing ovei it, 
but his clocks did not give the time with fufficient accuiacy, he theiefore 
determined the place, by obferving its diflance from two known fixed ftais 
In the courfe of the obfenalions, Ticho made a very impoitant difeovery, 
that of the refraction of the ail , and this he found fiom compiling the height 
of the equator as detei mined fiom obfeivations of the folftices, md of the 
circumpolar ft us, foi he found that they conftantly differed by 4, this he 
imputed to the reffadtion of the air He made the houzontal lefi idlion 34', 
and at 45 altitude he tnade it nothing , and calcul ited a 1 able fliowing the 
refiaCtion at all altitudes up to 45 He conftiudted new Tibles of the fun, 
and deteimined the prectffion of the equinoxes to be 1 in 71 years he alfo 
found that the latitude of the ftars fincc the time of Timocharis and 
Hipparchus, had varied thus he difeovered that the ecliptic was fubjeCt 
to a variation The theory of the moon alfo engaged Ins attention, and he 
difcoveicd a thud equation, called the Vauation He alio found that the 
motion of the nodes was not uniform , and that the inclination of the orbit 
was vanable, the leaft inclination he made 4 58' 30', and the greateft 
5 17' 30', which is a great pioof of the goodnels of his obfervitions He 

very happily repicfented the vauation of the motion of the nodes and of the 
inclination, by the motion of the pole of the lunai 01 bit in a Imill circle 
Thefe difcovenes relating to the moon do him gtjpat honour He obfcived 
a comet in the year 1577, and difeovered thit it had a parillax of 20*, md 
thence concluded that it was about thiee times as far from us as. the moon 
He conjedtured that thej revolved about the fun The fyftem which h'* in 
vented we have already explained He made the obliquity of the ecliptic 
23 Z l> 30' , and found the length of the fidertal year 363^ 67 ; 9 
and the tiopical $h 48' .45', which is within f 01 3' of the pielent 

determination He found the diametei of the fun in apogee to be 30'', inch in 
perigee 32', and its mean diftance 1150 femiduraeters of the earth •'Upon 
the death of Trldbric II it wis reprefented to the joung king that the 

treafury 
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treafurv was cxhaufted and that it was necefliry to retiench the penfions , in. 
conference of this, Tycho was depnved of his , upon which he removed to 
Copenhagen with fuch of his inftruments as he could cairy, but he theie 
received an order to difeontinue his obfervations Upon this he went to 
Holftein, and was introduced to the emperoi Rodolphus, who fettled a 
penfion of 3000 croons upon him, and gave him a magnificent houfe, *here 
' he renewed his ftudies, and the famous Kepler, who called him ie Hip- 
parchus of his age became his fcholar and affiftant He died October 24* 
1601, in the fifty fifth year of his age, folacing himfelf that he had not lived 
in vaiq, and that his labours would redound Jo the gloiy of God 

1311 Longomontanus was a pupil and affiftant of Tycho at Uiamburg 
He affifted him in his catalogue of the ftars, and in his theory of the moon 
He aftei wards went to Copenhagen, and was made profellbr, and acquired 
great reputation by his aftionomical knowledge He died in the year 1647 

1312 Kepler was born at Wiel in Wirtemberg, the 27th of Decembei, 
in the year 1570 He began to ftudy Aftionomy veiy eaily, and had a turn 
for feeking analogies and haimonies in nature , and having, as he thought, 
difroveied a cunous one, he pubhfhed it in 1396, and fent it to Tycho, 
who, although he difapproved of the work law fo much ingenuity in it, that 
he fent for Kepler to refide with him at Prague, and fiom the obfervationa 
of Tycho, he made his important difcovenes He made the refraction the 
fame for aft bodies at the fame height, and did not agree with Tycho, that 
there was po lefiaChon above 43 he alfo obferved that it was different on 
different paits of the earth He pubhfhed aTreatife on Optical Aftronomy, 
m which be treats of parallax, and the calculation of folar eclipfes, and ap 
plies them to find the longitude on the earth s fuiface He fpeaks of gravita 
tion, and applies it properly to the cafe of the eaith and moon, and to the 
^aufe of the tides (220) He directed his attention to the motion of Mars , 
and pubhfhed a wodt entitled De Motibus Stella Martis He firft employed 
a circular orbit, and determined its excentucity , but by compaung fome 
diftances of Mars from the fun from obfeivation, with the computed diftances, 
he found fo great a difagreement, that he concluded the oibit was not a circle, 
he then fuppofed it to be an ellipfe, and found the calculated diftances agieed 
with thole deduced from obfeivation , hence he concluded that the planets 
revqlved about the fun in ellipfes, having the fun in the focus (217) Having 
deteTtuned the pqno<jh£ times and mean diftances of the plmets, he difcoveied, 
hy trial, tlie famous law, that the fquares of then pel iodic times aie as the cubes 
of thpir mean diftances He alfo found, that in the apfides the areas defenbed 
by the planets in equal times were equal and he fuppofed that the fame was 
tine at every other point, and thence he concluded that the planets defenbe 
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r about the fun equal areas m equal times Thefe tlnee important dilcoveries 
aie the foundation of all plane and phyfical Aftionomy He folv^d the 
problem, now called Keplers Problem, of cutting off from an ellipfe by a 
line drawn to the focus, an arei equal to a given area Eft alfo announced 
the paffage of Mercury Over the fun in the year 1631 , and the tianfits of Venus 
in 1 03 and 1761 The works which this celebrated Aftrpnomer publilhed are , 

I Cofmographical Myfteiy, in 1596 

a Optical Aftionomy, in 604 

3 An Account of a new Stai in Sagittaiius, in 1605 

4 On the Motions of Mais in 1609 

5 Diflerlalions with his Nuncius Sidcns of Galileo, in 1612 

6 New Lphemeris, from 1617 to 1620 

7 Thice Books on the Copcrnicm Aftionomy tn x,6 iS 

8 The Humony of the Woild, and three Books on Comets in 1619 

9 Tlnee moie Books on the Copcrnican Aftranomy, in 1622 

10 Rodolphine Tables, in 1627 

Befides theft he wiote ftvenl things in Chronology, the Geometry of Soltds , 
Yngoriometry, Logarit/tns, and Dioptrics 

1313 Napiet, in the year 1614, publilhed his invention of logauthms, 
a difcovciy of ineftim iblc ufe in the pndho. of Aftronomy 

1314 About this time lived Bvtlr, an Aflronomei at Anfbouig in Ger 
many, who rendeied himfelf memorable in Aftionomy b) his woik, entitled, 
Uranomdrta which is a very complete celcftial atlas contumn til the con 
ftell ttions vifibL in Luiope, in this the ftars ate maiked with the Gicck lctteis 

13x4 Lassbergils, born at Gand in 1360 publilhed a ftt of aftrono* 
mical Tables in the jeai 1632 , and in i66j feveial oil er woil s of his weie 
publilhed 

1^16 Schikard was born at Wntembeig he'madc many obfuvalionsv 
and compoftd feveial works upon Aftionomj He died in i6 -> } 

1317 Horrox was born at Iloole neai Liverpool He -yid 1 is fuend 
Crabtrel wen, tht Lift peifons who obfcived a tianfit, of Venus ovet the 
funs chfc, this tianfit happened Novcmbei 24 1639, accoiding to his,own 
predict ton An account of this he wiote and cntitled<*it V (.nuS m^Solfvtfa, 
which was publilhed by Hrvi lies He gatfc a new thcoiy of tile rnoqp, 
making it move in >n ellipfe about the eaith m it Hocus Fiom obftivvtions 
on the diameter of the moon, he foun 1 thif its apogee wa fubjtdt to an 
annual equation of 12 ,3 This extiaordmory ydun£ man died in 16411, about 
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the age of 2a years Hia poRhntnous works, pubhfhed by Wallis in 1673, 
are, Aftionomia Kepleriana defenfa et promota Excpipta ex Epiftoljs ad 
Crabtrjlum fuup Obfuvationum cssleflium catalogus Lunas theom nova 
1318 William Crabtree, the friend of Horrox, lived at Bioughton 
near Manchefter he obferved the tranfit of Venw m 16^9 , and made many 
aftionomical obfervations, forae of which weic publifbcd in the world* of 
Horrox He diedln 1641 " 

13't 9 Galileo was boin at Florence in the ye'll 1564 He difcoyeied 
the laws by whii-h bodies falling freely are accelerated and the ufe of the pen 
dulum foi meafunng time Having heard of the inventioi of the telcfcope, 
he, by confidcnng the principles of iefra£bon confli ufted one which magnified 
moie than 30 times With this he immediately difcoveicd. the fpots in the 
fun from which lie faw that it had a rotation about it s axis he faw alfo va 
nous new appeal ances upon the face of the moon, from which he concluded 
that it was a eiy rough with hills and \ allies He alfo found that Fit us put 
011 the fame phafes as the moon And making hi obfeivations upon Juptir , 
he foon difcovcied that it hid four moons Afteiwaids he thought of making 
uL of them foi finding the longitudes of places upon the fmfice of the eatth 
He alfo difcoveicd as he thought, that Saturn wia cithei oompof d of thice 
bodies, or tbit it was in the fhape of an olive, as he exprefitd it Upqn 
direfting bis telefcope to the fixed flais bp was furprifed to find that, mftead 
of being magnified they weie dimmifhed, appealing only as points He was 
a zealous defender of the Copermcan fyftem, for which he wis peifccuted, 
and caft into prifon He died m the ) eat 1642 The pimcipal woiks which 
this great man pubjiflied, are 


* 




1 The Operttions of the Compafs, geometrical and raihtaiy 

2 A Difcourfe on the Floating of Bodids upon, an^ theli Subnjetfion ip 

Water 1 

3 Mechanics, or the Benefits derived from th it Science 

4 Ills Balance for fining the Piopoition of Alloy, 01 mixed Metals 


3 His Nuncins Sideus ^ 

6 A Continuation of the lift Work, containing his 1 tfl. Obfervations on 
Saturn, Mus, Venus and the Sun 1 t 

7 n A L6ttei concerning the Libratioh of the Moon 

8 On the Solai §pots, with an Ephemcus of the Motions of Jupitci’s 

Satellites " s 

9 Problems in Mathematics 

10 Mithematical Difcouifes J 

11 A litatifc on the Mundinc Syftem 1 jj 
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1320 Le P Scheiner, the afiouate aif Galileo, made a gi eat many 
obfervations upon the folai fpots, which he publilhed in a work entitled, 
Roja Urjina He was the firfl, who paid attention to the ^elliptical figure of 
the fun when near the horizon He died in 1650 

1321 Godefroi Vendelinus an Aftionomer in Holland, publilhed 
in ^626, aDifieitation on the obhquity of the ecliptic, and eftiblifhed its 
variatioi He was die fift who reduced the paiallax of the fun to i^, by the 
method of Aristarchus 

1322 Gassendus obfeived the tranfit of Mercury over the fun on Nov 7, 
1631, and took fcveial meafuies of it s diftance fiom the ceitcr of the fun 

1323 Ricciolus, a Jefuit, was a man indefatigable in lus aftitfnomical 
purfmts He publilhed a work entitled Almagejlum Novum , containing a 
colledtion of all the known obfervations the methods, the deteiminations the 
opinions and phyfical explanations of the phtenomeni He publilhed alfo his 
Afironomia reformata , and Geographta reformata , containing veiy valuable col 
ledhons He attempted to meafure the eaith His death happened in 1671 

1324 PETRrsc, the protedtor and friend of Gassendus, was boin in 
1580 He difeovered the times of the revolutions of Jupiter s fatelhtes, but 
announced that they were noL vuy accuiate He alfo confidcred their con 
figurations, and the method of finding the longitude fiom them 

1325 J°hn Baptist Morin, boin at Villcfunch in 1583, diftinguilhetl 
himfelf by his attempts to difcovei the longitude by means of the moon 
His method was good in theoiy, but not pradlicable, on this account he 
could not obtain tht lcwaids which had been offeied for the difeovery 

1326 Seth Ward, bilhop of Sililbuiy, was boin April 15, 1617#, He 
was for fome tune of Sidney College in this Univerfity and aftciwaids went to 
Oxford, where he was made Savilian Profefibr of Aftronomy In invcftigatmg 
the place of a planet, he fuppofed that the motion of a body in an cllipfe was 
uniform about the other focus (that focus in wl ich the fun is not) , it appears 
however that Buelialdus had advanced the fame eight yeais bcfoie, and 
it is fud that Albert Curtius firft fuggefted it I): is called however 
Ward s Hvpothefis lie publilhed a Difcqinfe concerning -Comet?, an 
Enquiry into the Fimciples of Bullialdus s philolaic Aftionomy on Tri 
gonometiy and oq Gcometncal Aftronomy He died in 1689 

1327 Andrew Tacqjtet was bom at Anveis, and wiote fome good 

elementaiy things in Aftionomy He died in i6$q „ 

1328 Thomas Street an Enghlhman, wypte a Treatife entitled AJbonoma 
Carolina, which weie in ufe for a long time They firft appeared in 1661 , 
and an edition of them was publilhed by Dr Halle* in 1710 He con 
ftrudted the Logifttc logarithms 
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*79 


THE HISTORY OP ASTRONOMY 

* l 

1329 Azout was the inventor of the micrometei with a moveable wire , 1 

and he and Picard applied telefcopes to quadrants He alfo made many 
obfervations which aie lecoided by Monnier in his Htjlotre Celefte He 
died in 1691 * 

1330 Alph;onsus Borelli was born at Naples in 1608 , and in the year 
1666 he publifhed a Theory of the Satellites of Jupitei 

13^1 Vincent Wing born in Rutlandshire in 1619, publifhe ’’'a work 
entitk 4 j Ajtrononua Britamm, containing many ufeful Tables and obferva- 
tions 

1332 Nicolas Mercator was born at Holftein He publtfhea his 
Cofmography in 1651 , his Aftronomical Inftitutes m 1676 , and his Loga- 
mhmotechmca in 1678 

1333 Bullialdus was born at London in 1605 He made many aftro 
nomicil obfeivations and publifhed a valuable woik, entitled, AJlronomta Phi - 
lolaica He attempted to explain the three inequalities of the moon, accoiding 
to the idea of Hotrox 

1,34 Michel Langrenus of Anvers, mathematician to Philip IV 
king of Spun diltinguiflied himfelf by his oblervations on the fpots of the 
moon , thefe he made fubfervicnt to finding the longitude of places on the 
earth s fin face, by obferving, in a lunar cdipfe, the times at which the fpots 
entered the fhadow 

1335 John Hevelius was born at Dantzic, on January 28, j6ii In 
1641, he founded an obfervatorv, and fmnifhed it with the belt inftruments 
that could be procuied Some of them wcie divided into every five feconds 
by a divifion fimilai to that of the verniei Of thefe he gave a defcuption 
in his Machtna Cakjits The obfervatoiy with all the inftiuments and books 
which wcrS in ir weie deftioyed by file, on Septemb r 26, 1679 The 
damage was efhmated at 30000 ciowns The fecond pait of his Machtna 
Cele/its is very Laice neatly the whole inapt effion having been buint He 
publilhed a great woik, entitled Selenogi aplua or a defcnption of the face of 
the moon and it s fpots, with very fine engiavings He completed the ex 
plananon of the libration of th^moon which was begun by Galileo adding 
that of the longitude Dr Haliey went to fee him in 1679, and was 
charmed with the accuracy of his obfenations He publifhed his Cometogra 
phta in 1668, containing 1 catalogue of all the comets which had been ob 
feivecl, with many new obfeivitions and curious relcarches lefpcdling their 
natuie Tie pulplifhed a work called Prodr omus AJhonomta et nova Tabula 
folares und cum tnteg\ 0 ftvarun\ Catalogo , from his own obfuvations, his catalogue 
contains 1888 flats He died January 28, 1687 


* 
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1336 Hittgens was boin in 1629 His fiiffc woik was Ins Syftema 
Saturmum , in which he has explained the aanous appeaiances of Situin s ling, 
and in the fame woik he announced the dikovuy of afitellitc of the hunt 
planet In a work entitled Horologium oj ctlla tot tut , he explained the metho 1 
of applying pendulums to docks, fo that the time of all the ubiacions 
fhoQlcJbe equal He wa the firft who mvefti fa ited the c ntei of ofullation 

133; Robert HoGk Wis bom in 16^,5 He invented the /cnflhledtoi 
in oidei to difcoaei whethei the earth had any fenfihl annuil paiilhv 'md 
tlus led to the difcoveiy of the abenation of light in the fixed ft us He alfo 
difcovcied a fpof upon Jupiter in 1664 and made mtny othci obluvations 
He was the fitft Who foitnkd the idei of miking a quadi int to til ( an & ie by 
leflexion 

1338 David Gregory was profefToi of AftLonomy at Oxfoid He pub 
lifhed a S}ftem of Aftronomy in which he explancd lome puts of Sn I 
Newton s Punapia He died in 1708 

1339 William Wiiiston was Lucafian piofefTor of mathematics at 
Cambridge He publifhcd his llieoiyof the Earth in 1696 and in 1707, 
he publilhed his Ledurc on Aftioromy 

1340 John Dominic Cassini was boin at Pcnnaldo on June 8, 1625 
In the fetting out of his ftudies a book of Aftionomy fell into Ins hinds, 
which greatly atuadlcd his attention, and led him to the purfuit of that 
fcience and he was vuy euly appointed profefloi of Aftionomy at Bologna 
Heie he found a meudian line in the chuich of St Petioma but it not bcin[* 
coired, he obtained leave to redlify it With this he dctei mined the obliquity 
Of the ecliptic, and the quantity of the refi vftiOn of the an He vlfo difeo 
Vfefedwuh it, the unequal motion of the fun, and conftrufted newfolu Tables 
He refolved the pioblem to find the elements of the oibtt Of a planet fiom 
thiee obfcrvatiOns He taught the method of calculating eclipfcs and con 
ceived a proje&ion which ferved to find the longitude of places upon the 
faith’s furface He compofed a woik upon comets fiom thofe which lie 
obfeived in 1664, and 1665 In 1665 he difcovered the rotation of lupitu 
and Mats about then axes, by means of then Jpots, and afierwaids he difeo 
vered the lotation df Venus He employed himfelf upon the theoiy of Jupi 
tei s fatellites, and publiflied Tables of then motions And from compiling 
the obfervations of then eclipfcs wiih the times as calculated fiom thefe fables, 
they weie found to agree much bcttei than was expGfbed Afr the rcquelt of 
Lewis XIV he went and fetded at Pans wad -the Royal ©bfeivatoiy wa 
eiitrufted to his care and in 1671 he began to make legular obfei^uiOns 
In the Blemens d AJlronotnte , by his fon, Wifind that Lhefe obfci vations weie 

upon 
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upon lhp equinoxes, folflices, oppofitions and conju nations of the planets 
In 1672, he detet mined the paiallax of the fun to be 9- and in Iheycats 
1671, 1672, and 1684, he difcoveied four of the fitellites of Saturn, and 
furthei obfeivaticvls fiiowed him that the fifth fuellite difippeaied rcgulaily 
for about half a revolution, when it was to the eift of Saturn, Horn this he 
concluded that it levolved about its axis andSu I Newton further ^on 
eluded, tihat the time of it s lotation was equal to the time of it s re^ "lution 
about ^Saturn He obfened a belt upon Satuin and a black maik upon the 
ring paiallel to it,s edge, dividing it into two equal paits He alfo gave new 
Tables of the fatelhtes of Jupitei and difeovered that the duiation of the 
eclipfe^^if thefe fatellites was vauable mcieafing in length for thiec yeais, and 
then decreafing in length foi the fame time this proved to him that then 
orbits were inclined to the orbit of Jupiter' Upon examining the dife of 
Jupitei he difcoveied that it was not a circle and by meafuung the diame 
ters he made them diflci the fifteenth pait of the whole He gave a new 
theoiy of the libration of the moon, which he explained by two movements 
about two diffcicnt poles In the yeai 1683, he difeovered the zodiacal light 
Thefe gieat and impoitant difcovcries foim an epoch in the fcience of Afi.ro 
nomy He died Scptembei 14, 17x2, leaving foi his fucccffoi his fon John 
James Cassini 

1341 John Picard was boin at Anjou He and Auzodt were the fiiffc 
who put telefcope to quadiants In the year 1669, he gave a meafurement 
of the earth and in 1673, he eftablilhed the Royal Obfeivatoiy, which had 
been committed to his caie In the Htjiotre Celefte , the leadei may fee his ideas 
foi impioving Aftronomy He publiflied the Commjjance des Temps for 1679, 
and died in the yeai 1682 

1342 Romer, or Roi mer, was born in Denmaik in the yeai 1644, and 
came to Fiance in 1672 He difcoveied that light was piogieffi\e, from the 
eslijpfes of Jupiter s fatellites In 1681, he letuined to Copenhagen, and died 
in 1710 

1343 Philip Dl li Hire was boin at Pans in the yen 1640 and in 
1687, he publifhed lus afiionomical Tables, he likewifc made a gieat number 
of agronomical obfcivations 

i 0 44 JohsI Flamstead, the celebiated Englilh Afiionomer was boin 
at Derby Auguft 19, 1646 In 1669, calculated feme eclipfes of the fixed 
fUr&by the moon, and,fent them to the Royal Society, and leceived the 
thanks of chat jpody In 1673 he wiotc a fmall tiadt on the diameters ol the 
planets, when at then gieatcfC and lead dtftances from the eaith “ which 
I lent, fays he, to Mr NrwroH in 1683 who has mode ufe of it in his 
louith book of his P) wetpta Phi Nat Mathmat ’ By the time he was 
Vol II N n 26 years 
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26 years old he explained the due puncipjes of the equation of time, tl*ing 
of the firfi, impoitance in Aftronom) Charles II having built an obfci 
vatory it Gieenwich, Mr Fl\M9tead w appointed Aflionomei I\iO} il in 
the yeoi 1676 at the lecommendition of S11 I Morl Adclcnption of the 
mftiutnents with which the obfeivitoiy was fuimfhed is given lh the r>oIcgo 
men^ to the third volume of the Hijlma Calefhs which was publifhrd in 1725 
A vd^cne of his obfeivitions were publilhcd in 1712 by Di Hali r\, by 
the oulei of queen Ann this difpleafed Tlamstlad, and he lit about 
prepmng Ins obfcivitions foi the pids but he did not Inc to findh the woik, 
md it was pnntpd aftci hi death The fiift volume of this gi cal noil con 
tains the obfcivations which he made fiifl. it Deiby and afteiwaids a1„Ciccn 
wich upon the fixed ft us, phnets, comets, fpots of the fun, and the filcllitca 
of Jupiter, duung 33 yeais The fecond volume conLnins the piflipe 01 the 
fixed ftnrs and phnets over the mendian with the places of the phnets d duced 
from them The thud volume contains a piolegomena on the hifloiy of 
Aflronomy, giving a dcfjrption of the infiruments ufed by lacno and him 
felf, a catalogue of the fixed ftar of Ptolemi, of Unucir Bi igi{, of 
Ticho, of the Landgrave of Heflc of IIevehus, of the foulhein ftar 
which had not been obferved above our horizon and liflly, the Lutifli cita 
logue of 2884 flats, with then light afeenhons, noith polu diflmccs latitudes, 
and longitudes, and the annual aamtions of the right afeenfions and noith 
polar diflanccs lo thefe aie added fome aftionomical Tables conftiuded b/ 
Abraham Sharp This gieat woik is an invaluable ticafuie to Aflionomeis 
His Atlas C-elcjUs was pnbhflicd in 1 75 0 He gave new folar Tables , and a 

theory of the moon accoiding to Horrox He alfo publiflied 1 lrcitife on 
the dodtune of the fpheie, in which he fhowed how to conftiudl eclipfes of the 
fun and moon, and occultations of the fixed ftais by the moon Dr Hat lly s 
Tables and Sir I Newton s theoiy of die moon were founded on Mr 
Flamstead s obfeivations This gieat Aflionomer died Odtobu 31, 1719* 
1345 S11 I Newton, the found r of phyficil Aftronomy, wa born 

Decembei 25, 1642 In the year 1660, he was admitted at Tnnity College, 
Cambridge, and in 1667, was chofen fellow of that foeiety, and in 16^9, lie 
was eledted Lucafian piofefloi of mathematic?", upon the lclign^tion of Dr 
Bartow His great woik, entitled Phlofophue Naiurahs Pnncipa Mathematics 
was fiift pubhfhed in 1686, and another enlaiged editien was publifhed m 
1713, with a picfice by Cotes In this woik he unfolds the law of ittiadUon, 
and {hows how it will folve the motions and the puncrpal phenomena of the 
different bodies in the fyftem And the fame principles have been lincc fuishcr 
applied, and fhown to be competent to account foi all the fmill inequalities of 
the motions of the heavenly bodies His philofophy ;s founded upon expci 1 

ment 
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roent and dcmonftiation, and theictoie its tiuth. cuinot be controveited His 
XYeatiife on Optics alone would have immoi talized him To enumerate his 
\ arious dilcoveries’ and the extent lo which his piinuples leid is heie un 
neceflaiy as they have alieady appeared in the couife of this woi k His in 
ventions alio in pure mathematics are well known to hive been no left important 
than thofc in philofophy and by a union of thefe^ the progieft of ^Itnce 
feema, to be unbounded His deep infight into nature led him but the more 
to adore its Author He Ipent a confidenble part of In life in examining 
the facied recoids, and that examination confirmed him in^ his belief of the 
lelatioiu cpntained in them He died Maich 10, ijzj, and was buried in 
Weftminftei Abbey 

1^46 Roger Cotes wa boin alBuibagc in Leiceftcifhue, July xo x68z 
He was educated at Tnnity College, Cambudge, and in the yeai x^o6, 
was elc&ed Plwnisn FrofcfToi of Aflionomy and Expel imental Philofophy, 
being the firfl. who was appointed to that ofhee In the yeai 1 7 1 0 he pub 
lifhed a lecond edition of bu I Newton s Prtnctpia and infcited all the 
authoi s improvements To this edition he prefixed a piefice in which he 
explained the tiue method of philofophizing, lhowed the loundanon on which 
the Newtonian philofophy was built, and lefuted the objections which had 
Been made to it This extraordinaiy man died in 1716 

1347 James Philip Maraldi was boin Augufl. zi, 1665 He deter- 
mined the letiograde motion of the nodes of Jupiter and the progieffive 
motion of it s aphelion He alfo cone&ed the theoiy of Mars In 1704 he 
perceived that the motion of Saturn was dirmniflung, and in 1714 he gave a full 
explanation of the phanomena of it s ting Horn obfctvations on the eclipfcs 
of Jupitei 3 fttelhtes he concluded that the inclinations of their oibils weie 
fubjed to a vamtion This cnqtmy was puifucd till his death which hap 
p cile d in 1729 He left a nephew John Dominic Maraldi, who obferved 
a v mation in the inclination of the oibit ol the third fatcllitc, and an cxcen 
tricity of the orbit of thejoulth 

1^48 this time lived Mi Pound He meafuied the diameteis of 
Jupitei and found them to lx as ia i 3 , and publiftied new Tables of the 
hid htclliie, F01 the computation of its eclipfcs making the equations all 
addiuve lie 1 edified the motions of the latellites of Saturn, and made 
foiftc peculate obieivations on them He alfo made fuithei agronomical ob 
feivations? as may be feen in the Phil 7 V nf 

1349 About the lime time lived Gaprili Philip dc la Hirl, who 
examined tire motions 01 Jupitei, and found that the piogicflfiac motion of it s 
aphelion, is <iv*n in the Rodolplnne Tables, was 100 flow He alfo con 
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firudted a fyflem of crofs wires in the focus of the objedt ghG, of a telefcope, 
foi the oblcrvation of echpfes <* 

1350 Francis Bianchini, bom at Vcr-oni on Defgmbei 1662, 
pubhfhed a work oh the lotation of Venus He alfo mode a great many ob 
fuvations 

igya De Loville was boin July 14, 1671, and made many aftronomical 
obfeivations at Pin He was the full who applied the miciometei to the 
quadiant * 

z 35 2 The cckbiated Aflionomei Di Edmund Hallly was bom 
Novembei 8, 1656, and enteicd at Oxford at the age of 17 yeais Tiy« yeais 
oftci, he pubhfhed a duedt and geomctucal method of finding the aphelia 
and excentricities of the orbits of the planets At the age of 20 ye us he wenL 
to St Helena to make a catalogue of the fouthein ftars, which he publifhed 
in 1679 Duung his flay theie he obfeived the tianfit of Mercury ovei the 
fun s dife, and thiL fuggefled to him the idea of finding the paiallax of the 
fun by the tianfit of Venus over its dife, this important pioblcm he folvcd, 
and recommended to futtue Aftronomers to put it in pradtice Hid he done 
nothing elfe in Aflronomy, this would ha\e immoitahzed him In 1679, he 
made a vi fit to IJeveljus with whom he flayed and obfeived for fomc time, 
and letuining home, he foon aftei let out to mike a tour upon the continent* 
with Mi R Nr j son, his fchool fellow In his way fiom Cilus to Pans, 
he obfeived the lcmaikible comet in it s afeent fiom the fun, which he hid 
befoie obferved in itsdefeent Upon his 1 etui n, he mimed and fettled at 
lflington, wheie he fet up his aftionomicil lnfliuments In 1683, he pub 
lifhcd his 'Theory of the V, ariatton of the magnetical Cotnprjs in which he fup 
pofes that the eaiih has four magnetic poles In 1684, he turned hp thoughts 
to the fubjedt of the lektion between the periodic tunes and diflanccs of Lhc 
planets, and concluded fiom it that the centripetal force muft vny inveifulj^ 
as the fquaies of the difhanpes, but not being able to piovc it, he applied to 
Mi Hook and S11 Christopher Wren they howevei not being able to 
give him fitisfadhon, he went to Cambndge to Mr (aftciwards S11 Is^ac) 
Newton, who foon give him a pioof of his^pofition Di H^lty be 
coming acquainted with Mr Newton, he pcifuaded him to publifii lm 
Phtlofopha Nalinalts' Punctpta Mathematica md undertook the cate of the 
publication In 1683, he pubhfhed the method of finding altitudes by'thc 
barometer, and in the ncxL ycai came out his account of "thfr trade \%uids and 
monfoons He alfo publifhed a map, reprafeift ng then dnedhons In the 
year 1687, he undeitook to explain the reafons why the Mediterranean Ssa is 
not obferved to fwell, notwilhftanding there is no vifible difcl^ige of the pro 
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digious quantity of watci which runs into it fiotn fo many large livers, and 
the co-lftant fetting in of the current from the ftieight He conftrufted 
equations of thie^'ind four dimcnfions , and gave a iuh* for approximating 
to the loots of equations He next undeitook to piblilh a coireft Lphemens 
foi 1688 In the beginning of 1691 lie publifhed I ibles of the conjun&ions 
of Metcuty and Venus with the fun The next ycai he pioduced his Ta> "if for 
” fhowing the value of annul tie foi life, founded on the bills of moitality, and 
foon afiei, he publifhed his univerfal theorem foi the foci of lenfes Wifhing to 
make obfeivations in ordei to determine the vamtion of the ijecdle he applied 
to king William III who appointed him captain of a vcflel with piopei 
affiftants He cioffed the line and pioceeded as far as 52 fouth latitude and 
in his way back he touched at St Helena the coaft of Biazil Cape Verd 
Barbadoes, Madeira, the Canaues, the coafl. of Baibaiy, &.c And on his 
return home, he publifhed a chart with curve lines denoting the vamtion of 
the compafs Soon vftei this he went out to obfcive the couifc of the tides in 
the Bmifh channel, with the fituations of the puncipal head lands Upon the 
death of Di Walli he wa appointed Savihan Piofcfloi of Gcomctiy at 
Oxfoid, and, by lequeft, be tr inflated Apollonius fiom the Aubic into Latin 
In 1705, he announced the return of a comet in the yeai 1759, which hip 
p*ened accordingly within about a month of the time he pi edified He had 
the glory of being the filft who foretold an event of this kind, and it is the 
only one which has been piedifted and the predidhon fulfilled He publifhed 
a Synopfs of the AJlronmy of Com ts In 1 71 ,, he was ippointed fecretary to 
the Royal Society /s peifefling the tlicoiy of the moon was his gieat 
objedV, he was now determined to complete it, and in 171^ he finifhed it, 
fo far as legnidcc) the fyzjeies lo that his calculation of eclipfe anfweied to 
a degree of accutacy which had dp v ei been bcfoie expenenced His reputation 
whs now fo gieat, that upon the death of Mr Tlamsteao in 1719 he w is 
appointed the Aftionomei Royal atGicenwich, m which jeai he publifhed 
new Tables of the fun, moon and planets This ga/e him an oppoitumty of 
compl ting the thcoiy of the moon s motion He theiefoic immediately fixed 
up a ti infikinfhument and begin his obfcrvatiops and though he was then 
in the 64th ye if of lu ago yet he attended to obfeive the moons tianfit for 
li 8 yeais ift lwaid in the hi ft nine years of which he fnade 150° obfeiva 
tiona ^which he announced to the public and fliowed how they tended to 
correft the-tlicqi} of tne moon In the yeai 172,^, he piocuied a muni qui 
draht with which he alfo obfci cd Upon the acccflion of George II Lo the 
« throne his confoit, Queen Latoline, made a vifit to the Royal Obfeivatoiy 
t Greenwich anrl was much plcafcd with the reception flic thcic met with 
and Dr Halley hwing formcily fciyed as a ciptain in the navy, flic oh 
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tamed for lnm his lnlf pay fdi that commiffion, which he enjoyed du I 

life An offei wis made lnm of bung mathemitical pieceptoi to thl Duke 
ol Cumbcihnd but he declined that honour by rea r on of firs igc and alio as 
it would mterfuc witl^his duty it the obfenatoty In 17-9 he was admitted 
a tqmign membei of the ac demy of fenmees at Paris 111 the 100m of Signior 
BianJNini Aftei his.de ith (which happened the 14th of Jinuaiy 1742) 
M Mairan leid analogy on him befoie the academy, in which he fpcaks 
of the univeifility of his genius as comprehending a knowledge of ilmoft all 
the fciences, aftienomy, gcomctiy, algebn optics aitilleij fpeculative and 
expel imental plnlofophy, naluial lnlloiy, antiquities, philology tnd crlhufm , 
lboundmg with ideas new, lingular and ufeful And concludes with obfeiving, 
that he had all the qualifications necefliuy to recommend him to the attention 
of pimees, and the applaufe of die learned He was buned at I cc ncai 
Gicenwich 

13153 John James Cassini (fon of Toiin Dominic Cassini, befon. 
mentioned) was boin at Puis Febiuaiy 18, 1(177 ■eddied Apnl 15, 1736 
He publifhed a Syftem of Aftionomy, with aftionomical fables, aveiyvilu 
able woik A gieat put of this was founded upon the obfeivations of his 
father He alio publilhed many othci things in the diftucnt Mcmoub 
Czesar Francis Cassini de Thury his fon died in 1784, aftei having 
made a gieat miny ufclul oblcrvitions in Afiionomy John Dominic 
Cassini (fon of M de Ihuri) is now at the obfcivatoiy of Puis 

1354 Boucufr was botn at Cioific Fcbiuary 10, 1698 His lieuife on 

the figuie of the earth is a valuable woik lie, Godin, and De li Conda 
mine went to South Amenca to meafuic a degiee , and in oidci to put the 
dodhinc of umveifd attiaflion to the tell, they found line, the Coidillens 
aftually attiadted the plumb line and drew it fenfibly fiom ils peipcndiculu 
pofition * 

1355 Maupirtius wis boin at St Malo Scptembci 28, 1698, and is 
celebrated for lus jouiney to Liphnd in 01 del to mo-ifuic a degiee of latitude 
His colleagues weie Clairaut, Camus, Le Monnier, the Abbe Ouibilr 
and Celsus Maui ertius publifhed alfo the Elements of Geognphy, and 
Niutical Allronomy He died in 1759 

1356 De la Cai li l was born in 1713, and was on£ of the full Aftio 
nomers of Ins tune He publifhed an Ephemeris-* Tables of the Tfln, 
a Catalogue of the fixed ftais on Parallax, ^efia&ion, and lhe*Tigurc ol 
the Earth , on Comets and Lelipfes His obfervations may be found in the 
Memoir cs de l Academie He went to the Cape to make obf^vatfons in* 01 da 
to determine, in conjunction with thofe made in Euiope, the paiallax of the 
moon And from thefe obfervations he alfo determined the quantity of ic 
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ftafhoa His Agronomical Lefllps weie pubhflhcd in 1 746 This cclebiated 
Aflronomcr died in 1762 ' 

1^7 Petet Horre^ow made a great many afti ononucal obfeiv-itions 
and publiflied his Clovis AJhonomia , and Bqfis AJlrononue He died at Copen 
hagcn in the yeu 1764 

1358 Joseph Nicholas de IIsle was boin at Pans in 1688 By his 
refeaiches, calculations and obfeivations he conuibutcd much to the pickets 
of AlUonomj He died in 1768 

13^9 The celebnted Englifh Aftionomer Jamls Bradlel wis boin in 
1692 He imtfloitilized himfelf by two of die mofl. delicate and important 
difeovenes that esei weie made in Aftronomy, the abemtion of light in the 
beaicnlj bodies and the nutation of the eaith s axis the founer of which 
he fhow d to wife fiom the piogieflive motion of light and of the earth m it 3 
oibit and the latter fiom the attraction of the moon upon the pioluberant 
parts of the eaith above that ot it s infciibed frheic He obfciyed the comets 
which appealed in 172^, 17^6 174,3 and 1757 and computed the dements 
of their oibits He conftiueted new T ibles of Jupitit s fatcllitcs fiom his own 
obleivations and thofc of Ml Pound On the death of Di Haliiy in 
1742 he fuceeeded him at the obfeivatory at Gieenwirh , fiom which time to 
that of his death, he was indefatigable in obfeivmg the fun, moon, planets 
ind fixed ftais He fettled the quantity and laws of lefraftion to a gicat de 
gree of accuracy and give a veiy elegant mle foi conefting the mean le 
fiaftion fiom the \ uiation of the weight and temperature of the an In the 
year 1750, he procured a very fine tianfit inftrument to be made for the ob 
fervatoiy, by Mr Biid and ilfo a muial quidrant of biafs of eight feet 
radius With theft lnflnmicnts he continued lus obfeivations till the tune of 
his death, which happened in 1762 The fnft volume of thefe obfeivations 19 
juft now pubhfhtd by Di IIornsbx, profeffoi of Aftronomy at Oxford who, 
on account of lus heilth, lias configned the publication of the lem lining pait 
to Mb Robei, tson Saulian profefloi of geometiy 

1360 Tobias Mayer was boin at Mubach in Wntemberg, Tcbruarj 
17, 172,3 His fiift obfeivations weie made at Nuicmberg aftei wards he 
went 10 Gott ngen, where he fipntmued to obfeive with very excellent inftiu 
ments IDs gicat objeft was to conftruft coil eft Tables of the moon for 
which puipofc he compofed a very elegant theoiy, with which, and his obfet 
vations he foimcd new and veiy coireft Tables of the motion of the moon 
A copy of ’ll clc in 17^5 weie font heic to the Right Honouiable the Lords 
Commiffidncrs of the Adnuuhw, putting in a claim for the lewaicl offued foi 
the ditcovay of the longitude Hr Bradlly compiled them with his own 
■* accurate obfuiations, and was convinced of the excellency of the T tbles But 
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"Mattr continued con efhng them till the time of his doatli (which haj pened 
in 1762) vnd left behind him 1 moie compete fet of lunn Tibles, and alfo 
a veiy coneft fet of foloi Tibles I" 01 thefe his widow received /3000 He 
alfo left a catalogue of the fixed flats A volume of hi poflhumous woih 
was publifhed m 177 j. and it is to be hoped that the woild'Vwll be favouied 
with thofe which lemawi unpublifhed 

1 5^c M Wargentxn, in excellent Aftionomer of Sweden, publilhcd 
a fet ot Tables foi computing the times of the eclipfes of jupitir s fate^litgs, m 
rhe Upfal foi 1741*, and fince that tunc he has applied \auous eoi regions 
to them 

1362 Of thofefwho have wuiten upon phyfical Aftionomy M Clairaut 
D Aiembert, Euler, Mayer, Trisi, Simpson La Placl ind M 
de la Grange ate the moft eminent By the labouis of thefo celebiatcd rm 
thematicians, the Tables of the motions of the bodies in oui fyflem hive been 
coirefled to an exlieme degree of accuiacy, and their names will go down 
to pofteruy, as completing that fupei ftrudtuie of which the Great Newton 
hid the foundation 

1363 Upon the death of Di Bradley, Mr Bliss, Sivilnn piofeffoi of 
Aftronomy at Oxfoid, fucceeded him at the obfetvatoiy at Gieenwich, who 
hved there but a veiy little time dying in the ycai 1765 

1364 M Baillt publifhed at Puis the Hifloiy of ancient and modem 
Aflronomy Wi are alfo indebted to him foi a valuable Tieiufe on the thcoiy 
of Jupitei s fatellitcs, which was printed in the yeai 1766 

1365 Di Long, mallei of Pembroke Hall, Cambridge, and Lowndian 
Profeffoi of Aftionomy, publifhed a Tieatife on Aflionomy in five books 
He alfo confliufted a fpheic of 17 J feet diametei, in which thcie is a fleoi fo 
fufpended, th it the fpheie has a free motion about it's axis On the concave 
furface the conflellations are painted The mechamfm is /ciy ucnple and 
ingenious He died in 1770, m the 90th yetr of his age 

1366 In the yeai 1739, Mi Dunthopnl publifhed his Ajhommy of tht 
Moon, the Tables were conftiudled fiQm Sir I Newtons tlieoiy, to which 
he added piecepts for calculating eclipfes 

1367 In 1741, M le IMonnilr publifhe<^,his Hijioue Colsjic, containing 
a colicdlion of obfenations fiom the yeai 1666 to 1685, made by <Srdei of the 
king, with a pieliminary difcouife 

1368 M Pingre publifhed a veiy vtluable work, entitled Cometoei yphte, 
containing the hiftor) and theory of comets This was minted 11 178* and 
1784 

1369 To that celebrated Aftionomei M deja Lande the woild is in 
debted for the moft important improvements in the fcienrc of Aftionomy 
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Thiough fo exlenfive a field he Ins left no tiack unbeaten almoft every part 
has icceived jmpiovements fiom him but we cannot heie entei into a detail 
of them His Sjiftem of -Aftronomy is invaluable and has tended fai more 
to the general promotion of that fcience than all other woiks which ever ap 
peaied upon the fubjedt The labouis of this gieat Aftronomer will peipetuate 
his name 

ij7o For the difeovery of a feventh primary planet we are indebted to 
Mi (now Di ) Herschel By his gieat {kill and mduftiy in the conftrudtion 
of veiy large fpecula, he has made telefcopes which have opened new views of 
the heavens, and penetrated into the depths of the umverfe unfolding feenes 
which excite no left our wonder than our admiration To this new planet he 
has difeovered fix fatellites , and alfo two moie belonging to Saturn, thus he 
has added nine bodies to oui fyftem 1 The vaiious and interefling difcovenes 
of this llluftnous Aftronomer the leadei may fee in the Philofophtcal TumfaShons , 
they ate fuch as muft tianfmit his name to the lateft pofteuty 

1371 Di Maskelyne fucaeded Dr Bliss at the obfeivatoiy at Gieen- 
wich To the abiliues and indefatigable attention of this celebiated Aftro 
nomet, nautical Aftionomy is altogethei indebted foi its prefent fttte of 
perfedhon Of oui Nautical Almanac , that gieat Aftronomer M de la Lande, 
thus writes “ On a fait a Bologne, a Vienne, a Beilin, a Milan, mais le Nautical 
Almanac de Londres eft 1 ephemende la plus parfaite qu il y ait jamais cu ’ 
He has eftablilhed the Newtonian dodtnne of univerfal attradtion upon the 
firmeft foundation, by his expenments upon Schehallien His regular obfer 
vations of the fun moon planets, and fixed ftais, which are every year pub 
lifhed, aie allowed to pofiefs an unrivalled degree of accuiacy , and we may 
confider them as the bafis of futuie improvements of the Tables of the plane 
taiy motions M de la Lande in lus Aftionomy (Vol 11 p iai laft edit ) 
{peaking of aftronomical obfervations, fays, * Le recueil le plus moderne et 
le plus piecieux de fcous eft celui de M Maskelyne Aftronome Royal 
d'Angleterre, qui commence a 1765, et qui forme deja deux volumes m folio 
jufqu a 1786 La precifon de ces obfei vations eft fi grande, quon tiouve 
fouveht h meme lcconde po^r 1 ifeenfion dioite dune planetc deduite de 
differentes fitoiles quoiqu on y emploie la mefuie du temps His catalogue 
of fundamental ftars is an invaluable treafure Thefe and his other vauous 
important impiovements in this fcience entitle him to the molt diftmguilhed 
rank amongft Aftronojueis, and will render his name llluftnous, as lo lg as the 
fcience of Aftronomy fhall -corjpnue to be cultivated 

* Wc muft 'eave it to poftenty to do ample juftice to thofe whofe labours are 
not yet at an end 

V01 II 


Oo 


CONCLUSION 



'V 


£ 29 M 

t 

CONCLUSION % 


IflAtfilin 


Ait 1372 TT has Been juftly obfeived, that the knowledge of mature 
J- is the firmeft bulwark againft Atheifm Af a time theie 
fore when infidelity fo much picvails, and when even pbilofophy has been 
chaigcd with piomoling it, it may be pioper, in oidei to flop the picvalcnce 
of the founei, and refute the unjuft chaige againft the lattei aftei having 
tieated on the fyftem of the umveife, to take fome notice of thofc cxtraoidi 
nary maiks of defign in it s conftiuftion, which piove fo cleuly that it could 
noL have owed it s foimation to chance, but to the connivance of infinite 
Wisdom 1 he Dbity can only be known by his woiks, and the woiks of 
the creation afford a veiy convincing pioof of a fupreme Blinc , who foi tiled 
fuch vift bodies, and ‘ gave them laws that fhould not be bioktn It we 
trace not the caufe horn the effedt, we negledt to dnedt oui knowledge, to tint 
end to which all 0111 cnqunies into natuie ought to tend Iiom the woiks 
of God, we muft feek to know him Let us not deny the being of 1 fupiemc 
In tlli ir enc r, who 1 the caufe of all things, becaufe he is not the ob)c£l of 
our corpoieal fenfes “ he has not left himfclf without witnefs Ins evidence 
and attubutes aie mamfeft from the conftiudtion of the univerfe, and the ends 
foi which it was formed, but the nature of his eficnce furpalies the conception 
of our limited faculties ** We fee but in pait ’ 

The obvious aigumcnt foi the exiftencq, of a Deity, who foimed and 
governs the umveife, is founded upon the uniformity of the laws which takes phcc 
in the piodudtion of fimilai eflldts, and from the fimpliuty of the caufts which 
pioduct the vinous phenomena The moft common views of natuie, how 
cvei impel fedt and of fmall extent, fuggeft the id<fi of the government of a 
God, and evuy further difcoveiy tends to confirm tliat peifuafion The ancient 
philofophqrs, who fcuce knew a Angle law by which the bodic ^lif the lyftem 
are govtined, flill f w the Deity in his works, how vifible thtiefoie ought he 
to be to us, who aie acquainted with the laws by which the whole is diicdted 
The fat tt, law tikes place in oui fyftem between the ^griofhc times ai»d dil 
tances of every body levolving about the famer ^center Lveiy'body ddciibcs 

about it s lcfpedhve center equil areas in equal tim*s Lveiy body is fpjjcncal 
L/cry planet, as fir as our obfenations reach, is found to levolve about in 
axis, and the axis of each is obfeived to continue paiallel to ftfelf Now as the 
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cncumdances which might liave\ttended thefe bodies are indefinite in vanety, 
the inform fimlanty which is found to exift amongft them, is an mefiagable 
argument of defjgn To produce a fucceffion of day and night either the 
fun muft revolve eveiy day about the earth, oi the eaith muft levolvc about 
it’s axis'* the latter is the mdre Ample caufe and accordingly we find thit the 
legulai return of day and night is fo pioduced As far alfo as obfcijwtions 
have enabled us to difeoyer, the leturn of day and night in the planets is pio 
duced by the opeiation of a fimilai caufe It is alfo fouhd that the axis of each 
phnet is inclined to the plane of it s oibit, by which a ptovifion is made for 
a vaucty of fe efoos , and by pieferving the axis always pai ilPel to ltfelf, fummei 
and wmter return at their dated periods Where theie ate fuch inconted able 
marks of defign, theie mud be a DcsiGNcr , and the unity of defign thiough 
the whole fydem pioves it to be the woik of One The genci il laws of na 
tuie fhow the exidence of a divine Inteli igence, in a much diongcr point 
of view, than any woik of man can piove him to have afted from intention, 
inafmuch as the opeiations of the foimei ate umfoim and fubjeft to no va 
nation, wheieas in the lattei cafe, wc fee continual altciations of plan, vnd 
deviations fiom cdablilhcd rules And without this peimanent older of things, 
experience couid not have diicfted man in lefpeft to his futuie operations 
Thefe fixed laws of niture fo necefiaiy for us, is an melidible aigument 
that the world is the woik of a wife and benevolent Bling The laws of 
nature are the laws of Goo and how far foevei we may be able to tnce 
up caufes, they mud terminate in his will We fee nothing in the heavens 
which argues imperfection, the whole cieation is damped with the maiks of 
Divinity 

We can form no idea of that powei called Jftraftm, by which didant 
bodies aie made to aft upon each othei without any apparent connection , and 
jret we know that all the bodies in oui fydem aie letamed in their couifcs by 
fuch a power And it is a veiy fingukt indince of the uncuing wifdom of 
the Ci eator that the law which this powei obfencs is fuch, that noiwilh 
danding the mutual attTaftions of the bodies, the fydem will never fill into 
nun, but ^capable of piefcrung ltfelf to all eternity Moieover, die mutual 
attiaftion wljicli takes place between didant bodies could not of ltlclf, eithei 
pioduce then motion about the fun, nor the lotation about their axes u 
required an external impulfe to opeiatc in conjunction with it, to pioduce 
thefe? effects , an aft which noilu,n n but the arm of Omnito u tier 
cguld accomplifh And tluopowei which thus onnefts the didant bodies, 
opei aics alfo on the condtuent particles of the fame body and picteru its 
figuie foi without attiaftion, the particles mud have been difiipated by their 
lotation An invifible power pcivndc the whole fydem, and piefuvcs it 
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In the effects produced by man, we fee the opciation of the caufc, but " the 
wajs of the Almighty are pad finding out # 

The fun that gieat and only fountain of light and heat 4 is placed in the 
centei of the fyftcni , and whilft by it s influence it retains the planets in then 
orbits, it pours forth it's rays and gives life to the cieaLion T. he faiinition 
of futk a glonous body, and it s airangement, are cucuuift inccs which aiFoid 
die cleaied evidence of defign * 

Hence, in whatevei point of view we take a fiuvey of oui fjdenr, wc 
trace the power, wifilom, and goodnefs of the Creator His powci, in 
its foimation, his wifdom in the fimplicity of the means to produce the 
ends, and hi goodnefs m making thole ends fubfervienl to our ufe and 
enjoyment Thus we ue led by oui enquiries into the diudturc of the uni 
verfe, to the proofs of the evidence and attnbutes of a fupicme Being who 
foimcd and diredts the whole Aiguments of this kind pioduce convidbon 
which no fophiftiy can confound * Eveiy man may fee it man may behold 
it afai off Let not theicforc the ignorant declaim agunfl thofe puifuiis 
which diiedt us to a knowledge of our Creator, and fuinilh us with un 
anfwuible aiguments againft the Infidel and the Atheid 

But ll we cury our views up to the fiimament of the fixed llais, the power 
of the Deity will be dill more aftomlhing Let a man contemplate the 
Harry heavens, and confidei thofe glonous bodies only in lefpedl to number, 
magnitude and diftance, and it can fcarcelyfail to convince him of the evidence 
of an omnipotent Being By the hte impiovemcnts of telcfcopes, the dauy 
fyftem appears to be without bounds, and the greater pait of thefe bodies 
not being vifible to the naked eye, we may conclude that they Wcie not made 
for oui ufe, noi foi the ufe of any part of our fydem They arc undoubtedly 
bodies fimilar to our fun, appearing fo fmall from their lmnTcnfc di dance's , 
for opaque bodies at that didince could not be feen by refle&cd light Tiom, 
the uniformity of natuie, in all thofe parts which we have been able to examine 
ind invedigate, wc may conclude, that bodies fimilar to our fun weie cieated 
for the fame caufe, that of giving light and heat to the inhabitants of fydems 
of planets funounding them We may theiefor% conceive the whole univerfe 
to be filled with created beings, enjoying the bounty of their Creator, and 
admmng his works This benevolence of the Deity jn giving life to an 
almod infinite number of beings, mud raife oui admiration, till we, are 
lod in contemplating his goodnefs Thit every individual fhould exift iftidci 
his proteftton, and be regularly fupplied by bountiful hand with eveiy 
thing which is neceffary foi enjoyment, ought to make us very huTnblc before 
him And that every being in the univerfe fljould be under his care, and 
training up here for the further enjoyment of him hereafter, is a thought 

which, 
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which, if duly unpreflcd, would penetrate us with the deepeft fenfe of gratitude 
to ou£ Creator, ind excite us to love and obedience The difappeaiance 
of fome flats may^be the dcftmftion of that fyftem at the time appointed by 
the Deijy foi the piobation of its inhabitants, and the appearance of new 
ftars may be the formation of new fyftems, for new races of beings then called 
into cxiftence to adoje the woiks of their Creator Thus we may cqsreive 
• the D&ftY to have been employed fiom all eternity, and thus continue to be 
employed foi endlcfs ages, forming new fyftems of beftigs to adore him, and 
tranlplanting thofe beings already foimed into happier regions, where they may 
have fetter opportunities o,f meditating on his works, and Ttill riling in their 
enjoyments, go on to contemplate fyftem aftei fyftem through the boundlefs 
umveife 
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ASTRONOMICAL CALCULATIONS 





A GREAT many of thefe Tables aie taken fiom Pi Maskeltnt’s fa ft 
volume of his excellent obfeivations, but fible VI contains the light afccn 
fion of his fundamental ftars os moie accurately fettled by him horn obfei 
vations which he afteiwaids made From the improvement of lnftiumcnts 
and the modern theories of Aftronomy a gieat many incguhutics of the 
motions of die bodies in oui fyftem have been difcoveicd, the laboui thercfoic 
of making computations in Aftionomy has of late been fo much incicafed, 
that it is neceffiuy to give eveiy poffible affiftance to the piadhcal Aflionomei ' 
The Tables here fubjoined aie intended foi that puipofe, and will be found 
very ufeful in facilitating aftionomical calculations 
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Tfo Meat Right Afcenfioas a d No) h Polar Diflaices of thirty fi> principal Sta s fo, th Begin ung of he Year 1 790 , 

i^tth tl r Annual PreceJJio is j 
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TABLE XVIII 

'Eke Equation of the Equinoxes m Longitude 
Aroument Long of 2> s Q , 


Degrees 

O Sig 

1 Sig 

II Sig 

■ 

VJ Sig 

4 - 

VII Sig 
+ 

VIII Sig 
+ 

o 

0 0 

8 ,9 

mam 

30 

i 

O 3 

9 a 

How 

~9 

2 

0, 6 

9 > S 

mam 

aB 

3 

0, 9 

9 7 

■JOT. 

a 7 

4 

*»- 

10 Q 

WSmM 

26 

5 

1, 6 

10, a 

re. 

“S 

mm 

1 9 

10, 5 

mxm 

a 4 

wM 

2, a 

io, 8 

mSSm 

33 

U 

- 5 

11, 0 

Haft 



a 8 

11 2 

■fifl 

21 

— 

3 1 

” s 

1 BaS 

-O 

B 

■n 

”» 7 

0 

<r 

H 

*9 

ia 

MtfK 

12, 0 


18 

13 

Bl 

12, 2 

H Hjf? 

17 

KB 

fmSm 

12, A 

lU 

16 

Bjg 

mam 

12 0 

■n 

15 

B 

4. 9 

12, 8 

I 7 > 3 

J 4 

■m 

S» a 

* 3 > 1 

17 4 

x 3 

mm 

s s 

* 3 > 3 

*7 5 

12 

*9 

£ 8 

x 3 > $ 

i 7 , 5 

11 

-0 

6, 1 

x 3 > 7 

17, 6 

10 

21 


13 , 9 

17 6 

9i 

a- 


14, 1 

!7 7 

§ 

23 


j 4 j 3 

17. 7 

7 

24 


x 4 > 5 

17 8 

6 

a S 

HuDk 

14 0 

17 8 s 

S 

26 

7 8 

14, 8 

*7* 8 

4 

2 ? 

8, 3 

13, 0 

17,8 

3 

28 

8, 4 

z 5> 1 

J 7 9 

* 

a 9 

o' 7 

r 5 > 3 

17 9 

n 

30 

8, 9 

15 s I 

*7 9 

K9 


Vlig 

1 

IV~Sig 




4- 

+ 

^ + 

f 


XI Sig 

X Sig 

PX. Sig 

P 

































[ 3 2 3 * Jit 3 



January 
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8 o 23 39,3 

7 0 -7 ) S > 9 

8 0 31 32,4 


7 i> 4 
o 58 o 

4 54 5 

8 51 1 


I 2» 47, 7 
1 26 44, 2 
1 30 40, 8 
1 34 37> 3 


1 38 33 9 
1 42 30 4 
i ^.6 27, o 
1 50 23 5 


39 fc, J4 ao 1 

30 1 s 8 * lG > 7 

31 3 a i3> a 


rebiuary 


6 g 8 
- 10 63 

a 14 a, 9 
2 17 39 4 


2 21 56, O 
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- ag 49) 1 

- 4*> 7 


March 


4 aB 5 b 
4 3* 3 

4 35 S 8 > 9 
4 39 55 4 


April * 

May 

1 

June 
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! "* 

H M fl 

5 5 8 46, S 

6 a 43, 1 

6 6 39 7 

6 10 36 2 

7 57 3. » 
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8 8 52 9 

9 59 i6 »4 
10 3 ij.o 1 

10 7 9 5 

IO 11 6l 

6 14 32, 8 

6 iB 29 3 
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1ABLE XX 

*\ 

Mean Motions of th Suns Right Afienfon tn fame, to Homs and Minutes of Sidereal Tt 
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TABLE XXI 

Equation of the Equinoxes m Right Afeenfion , common to t/t St ms 
Argument Long of J’s £2 


























































TABLE XXIII 

Dtvwti n of Stars 1 1 Nottn Polar Dtjian e c rfl no i to all the Stas 
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TABLE XXHI Continued 












































































RIGHT ASCENSION OF THE STAR 
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Tune tahn by Light to move over Parti of the Otbis Ai fygtms 
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T\BLE XXXIX 

T/ie Equation oj Stuond Difference foi cmreEUng the Equations of the Planetary Motto 

SECOND DIFFERENCE 
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TApLE I 

FOR convL.it tug Deceit, Minutes md Seconds into Time 

Rute Tike the dcpiees, minutes and feconds from the fhfl: third, nnd 
fifth columns, and -igunft them you have the toucfponding times the fum of 
which is the time lequncd 

Example Reduce 78® 39' 57' into time 


70 

4 1 

40' 

0' 

4 

0 

16 

O 

3 °' 

0 

% 

O 

9 ' 

0 

0 

36 

50" 

0 

0 


f 

0 

0 

0,466 

Time icquned 

4 

, 5 s 

39*799 


taIld 
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TABLE II 

For concerting Time into Degrees, Minutes and Seconds 

Ruj E Tike the time fiom the firft, third and fifth columns, and agamft 
them you have the degrees, minutes and feconds dor efponding the fum of 
which is the quantity lequired 


Example Reduce 17 Ji 34' 19 ' 

10// 

7 * 

3 ° 

4 

10' 

9 " 

Dcgiees requited 


into degrees, minutes and feconds. 

750 o o* 

105 o o 

7 3 ° 0 

100 

o 2 0 o 
o 2 15 

163 34 4 j 


TABLE III 

For convening Minutes and Seconds into the Decimal of an How 

RtrLr Ttke the time fiom the fiift and thud columns and agamft them 
you have the coTcfponding decimals, the fum of which is the decimal re 
quncd 


L^\mple What is the decimal of 19' 47^ 


to' 

,166^6 

♦ 4 

jI^OOO 

4 °' 

,011X1 

7 # ’ 

00194 

4>ccm\al requned 

» 3 a 97 I 




TABLE 
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TABLE IV 

c 

Ft 7 jin cluii ^ ie Lev *h of cn cular Ai cs to Radius Uuitv 

e 

Ruie Tike the degrees, minutes and feconds from the firft, third and 
fifth columns, and agninty them you have the correfponding lengths the ium 
o( which is the length lequncd r 


Whit is the length of an aic of 

a} 4 2 58'? 


0,52^,5988 

7 

0,1221730 

40 

0,0116355 

2/ > 

0,00058*8 

5 ° 

0 0002424 

8' 

o,oooOj88 

Lengil icquired 

0 658270., 


ff the i idius he not unity the length miy be found by piopoition, by, 
faying, unity ladius length here found the length required 

TABLE V 

Lot finding Ih Sun s Parallax m Altitude , the appateut Attitude being given 

Rult Find the altitude under the column Suns Alt and again!! ic you 
have the pa.rn.lhx If the appaient altitude be not found in the Table, *h<r 
parallrc muft be found by piopoition 

Example What is the panllix at the apparent altitude 47° 27' 20' ** 

At 40 app alt the puallnx is 6^70 

— 5° S> 6 $ 

* # 

10 x, oS r 


Hence, 10 7 0 27' 20" 1" 08 o",8, winch fpbtra&ed fiotn 6", 7 leaves 

5' ,9 the paiallax Hence, the altitude, corrected foi parallax, is 47 27' 25' ,9 


w 


TABLE 



THE USE OF THE TABLES 

TABLE VI 

Contains the mean Right Afcenjtons and North polar Dtfiances of 36 principal 
f\ed Stais fo i tilt Beginning tf 1790 together with theft annual Preceffions, and 
pi opt 1 Motions all as fd tied by Dr M.4 skjcunl , thence to deduce their places 
jor any othei Tear 

Rule Multiply the annual preceflion by the numbei of yeais between 
the g vcn year and 1790, and you get the annual preceflion for that interval 
Then if the given jeu be after 1790 add the annual preceflion in right afeen 
lion for that intenal to the right ofeenfion for 1790, and you get Ike mean 
light afcenlion foi the beginning of the given yeai and apply the annual pre 
ceflion in noith polar dillance for the interval accoiding to the lign, to the 
noilh polai diftance foi 1790, and you get the north polar diftance at the 
beginning of the given yeai But if the given yeai be before 1790, fubtiaEi 
the annuil pieceflion iq light olcenlion, and apply the annual piccelEon of 
noith polar diftance with a crnti my fign 

Example What is the mean right afcenlion and north polai diftance of 
Sinus , at the beginning of the year 1800 ? 

Mean light afcenlion for 1790 - 6* 35' 53", 44 

Motion in pieceflion for lo years - +26, 79 

Mean right afcenlion for 1 800 - 6 36 20 23 


Or, m degrees it is 99 f 3^,45 (Tab II ) 


North polar diftapee for 1790 
Motion in pieceflion for xo years 


xo6* 26' 21", 1 
+ 4 2 > 5 


£Joj;th pslar diftance for x 800 


106 27 3, 6 

I T 






1 > 


TABLE 
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TABLE VII 

i 

Contains the Sum of the Precefion, Abet ration, and Solar Inequality of P) ecefion 
fomthe beginning of the Tear of 31 principal Stais , m Degrees being one Part of 
the CoireSton of the mean Right Afcenjion from the beginning of the Tear 

r * 

Rlle Againft the day of the month, under the given fia , you hive the 
equation required If the day of the month be not found in the Table, the 
equation mull be found by piopoition 

Example What is the equation foi Strtus on Apul 27 ? 

the equation + 3", 4 
■ + x , 3 

2, 1 


i which fubtiadted from f [ 3^4 gncs 1**9 
■the equation, 01 coiredion lequired * 


Apnl 20 

10 

Hence, 10 7 2",i 


TABLE VIII 

Contains the Equation of the Equinoxes, and Deviation of the fame Stars as in the 
lajl Table , in Degiecs, being the other Part qf the CorreBm in Right Ajjccnfion from 
the beginning of the Tear 

Rule Entei the fit ft column with the longitude of the moon s afccndmg 
node (Tab XXXI XXXII ), this equation depending upon tl e place 
of the node, and agunft it, undei the given ftar, you have the equatiotv ic 
-quired If the longitude be not found in the 1 able, the equation mufl. be 
found by pioporiion 


r 


* 


Exatmple 



1HL USE Ob THE TABLES’ 

Example What is the equation of Stuus on Apnl 27, 1800 * * 

The longitude of the moon's afcending node is o 27' 4' 

*■ 

Long of t ’s (30 o® - Equation — o ,4 

- 1 ■ 1 010 - - — 2 , 9 

1 

0 10 2, 5 


Hence, 10® 27 4" 0! $ o', i, which added to — o",4, gives - o', 5 

the equation, or cone&ion rcquued 

Fiona this, and the laft example, we find the whole correfhon of Stuus on 
Apnl 27, in the yeai 1800, to be +1 ,4 but the mean right afcenlion 
of Stttus at the beginning of 1800 we hive found to be 99 f 3", 4 5 , 
hence, the tiue light afcenlion of Struts on Apnl 27, 1800, is 99 f 
4 > 8 5 


TABLES IX and X 
Are Tables VII and VIII evprejfed tn Sidereal Time 

The ufe of thefe being exvftly the fanje as that of the laft two Tables, U 
is unpeccffary to add any examples 


TABLE XL 

Contains that Part of the Equation of the Obhq uty of the Echptir , which anfes 
from the unequal Force of the Sun tn caufing the Precffon of the Equtnoses , and 
therefore depending uton the Sun, it tnujl he the fame every Tear 

* 1 

Rule Take the day of the month, and againft it you have the equation 
acquired ' If the given day of the month be not found in the Table, the equa 
non mull be found by propoition 


Example 


440 
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Esampi e What is the equation on May 24 ? 

May 19 - Equition — 0,4 

*6 - P, 5 


7 




O, I 


/ 


m 


Hence, 7 5 9 ,1 o',o7> *vbich added to o ,4 gives -0^47 thecqui 

tion 


TABLE XII 

Contains that Pa 1 1 of the Equation of the Obliquity of the Elliptic, which a) ijts 
font the unequal Force of the Moon in caufing the Pi ecejfion of th Equinoxes, and 
which depends upon the longitude of the Moon s afeending Node 

Rult Entei the Tabic with the longitude of the moon s afeending node 
(Tab XXXI XXXII ), and agunft it you have the equation requned It 
the longitude be not found in the Table, the equation rauft be found by pio 
portion 

Example What is the equation on May 24, 1798 ? 

The longitude of the moon s node is 2 4 17 

Long of j s q 2 4 - Equation 1-4 a 

'-z 5 - 1-4 » 0 

01 0, a 


Hence, 1 17' o",2 p',06, which fubtiafl&d from 4', 2 leaves +4, if. 

the equation lequired 

Hq&cq, fiom tins and the loft examplq, the whole equation of tjie obfiquit) 
of the ecliptic on May 24, 1798, is +3 ',67 t *- 


* 






TAB 1 1 






r 
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TABLE XIII 

Coni am the mean Refraftion of the heavenly Bodies , cottefpottdmg to then appaienr 

Zenith Dt fiances 

Rxtll Find the apparent zenith difhnc^, and agamft it you have the 
mean refradhon If the diftance be not found m the Table, the xefradtion 
muft be found by propoition / 

^ i 

Fxamplb What is the mean lefradtion at the apparent zenith diftance 
71 15 48*? 

At 71 10 zen dill - Refraction a' 1 45",83 

~~ 7 1 20 a 47,39 

10 1, 56 


Hence, 10 5' 48" 1 ,56 0% which added to 7! 45", 83 gives 3/ 46', 73 , 

the reflation jequired 

' 

This Table (given by Dr Maskelynb with .his Obfemttons, 1796) is 
confliudted to give the refiadtion when the baiometei ftands at 29,6 inches, 
and the theimometei at 30 degrees , the next Table is to corredl this, foi any 
variation of the baiometei and theimometcr from thefe altitudes 


TABLE XIV 

Contain r Decimal r, which multiplied into the mean ReftaSUon , gives the Con etflou 
for the Variation of the Weight and Temperature of th Air 

Rule Find, in the uppei horizontal line, the height of the barometci 
and in t’vtlufl pcipendicular lnu the height of the theimometei, and cor 
lefpondtng to Uienj you have the decimal required , winch multiplied into 
the mean ldiadtion, and ippjicd fb the mean rdndlion accoiding to the fign, 
gives the tiue lefradtion If the altitudes be not found in the I able, tin. 
dtcinul mull be foiled by piopoition 








Voj II 
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r Examplt What is the true refiadtion at the appaient zenith diftance 
171 15" 48", the barometer Handing at 30,35 inches, and the thermometer 

at 61,8 inches ? 

r 

Againft 61 under 30,0 inches - Dec - ,004 

T~r~ 3°>4 ' ~ j0QI 

o 1 ' >°°3 


Hence, 0,1 0,05 ,003 0015, the quantity by which ,004 muft be da- 

created, becaufe the decimals decteafe 

Againft 6 i B undei 30,3 inches - - Dec -,004 

.6a ■ — - - Dec -,006 

x ,0oa 

— I ~ 

Hence, 1 0,8 ,002 ,0016 the quantity by which ,004 muft be lncieaffed, 

becaufe the decimals mcreafe, confequently the decimal conefponding to the 
given altimdes of the barometer and thermometer is - ,0041 Therefore the 
correftion is -,0041x2 46" 8 (the mean refradtion by the laft example) 
a - ,68 i hence, the tirue refradtoom is a' 46", 8 -,68 = 2' 46", 1 2 


TABLE XV 

Comm the Augmentation of the horizontal Diameter of the Moon for any 

apparent Altitude 

Rule Enter the horizontal line at the top with the moon s horizontal 
diameter, and the fiift perpendicular line wrh the appaient altitude, and 
againft them you have the augmentation required If the diameter be not 
found in the Table, the augmentation muft be found by propoition 






■% 


Examplf 

40 + 


r 
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Examplt If the horizontal diameter of the moon be 29' 38', and the 
ippaient altitude 56® 3 4 » w ^ ia t 16 tt?s diameter ? 

At 29 30" diameter, and 56 app ilL * augment 2j 4 
29 50 u— — ' a 3 9 

° 20 ^ ^ 


Hence, 20 " 8" o",5 o ",2 the wcreafe for 8" 

At 29' 30" diameter, and 56® app alt augment 23", 4 

57 a 3» 6 

~~l o, 2 


Hfence, i® 32' o",2 o",i the mcreafe foi 32' Therefore 2 3", 4 4- 0", 2 

+o",is=23 # ,7 the augmentation of the diameter Hence, 29' 38^+23^7 ^ 
30 i",7 the diameter requued 


TABLE XVI i 

Comm the mean Prectfon of the EqumBtal Points for Tears , m which you 
hwc the Number of Years tn one Column, and the Prcceffion at another agatnfl them 

Rule If the number of years be found in the Table, you have die pre 
ccfim lequired But if the number of years be not in die Table, divide n 
into fuch p'irts as can be found 

Example What is the mean preceffion m 3247 yeaia> 


Years 

300a 

200 

47 

M*s(h preceffion 


Precef, 41 57' 2 9 ”>° 

2 47 49* $ 
o 39 26, 4 

- 45 a 4 45» 3 


K X K 2 
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1 ABLE XVII 

r 

Contains the mean Precejfion for eveiy Day of the Tear , including the folar Equation 

r 

Rulf Enter with the month above, and the day of the month on the fide, 
and againft them you have the preceffion , obferving the lulc foi leap yeai 

Example J'be pieceffion for January 19, m the year 1796 (being leap 
year), is 3 ,4 


TABLE XVIII 

Contains the Equation of the Equinoxes in Longitude 

Rule Enter With the longitude of the moons afcending node 
(Tab XXXI XXXII' the figns above or below and the degrees on one 
fide, and conelponding thereto you have the equation, to be applied according 
to the fign 

Example What is the equation on July 19, 1796 ? 

The place of the moon s afcending node is 3' 9 59 , againft the nearcft 
place to which you find - if ,6 the equation leqmred, 

1 The mean longitude of a ftai, fettled to fome epoch, is to be con e<ftecf by 
the mean precofiion and 'equation of the equinoxes, and if to this we aoply 
the correction of aberration* we get the true longitude 


TAB I E XIX - 

Contains the mean Motion of the Sun m Right Afcenfion to every Day in the Tear 

\ 

Rule Enter with the month at the head and day of the* montbr df the* 
fide, and corresponding to them yop have the mean motion r + 


Example 
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Example What is the mein motion of the fun in right afcenfion on 
Febipary 16, 1796? 

This being leap year, we muft take out foi the preceding day , hence, the 
mean motion in right Afcenfion is 3 h 1' 21' ,5 


• TABLE XX 

Contains the mean Motion of the Sun tn Right Afcenfion , correjpondmg to Sidereal 

Tme, for Hows and Minutes 

Rule Enter the columns undei fidereal time with the hours and minutes, 
and flgiinft them you hive 1 he mean motion of the fun in right afcenfion 

Example What is the mean motion in right afcenfion for 17 h 48, 
fidereal time ? 

17 h - a' 47 '> 10 

48' 0 7 > 86 

Mean motion in right afcenfion 2 54 > 9 ^ 


TABLE XXI 

Contain* the Equation of the Equinoxes, tn Degiees, in Right Afcenfion 

Rule Enter the Table with the longitude of the moon’s ifcending node 
(Tab \XXI XXXII ) the figns at the top or bottom and the degrees on 
the fide, ind couefponding to them you have the equation required 

ExAMPtr What is the equation of the equinoxes m right afcenfion on 
July 19, 1796? 

The place^f thj? moon s afcending node is 3* 9 59', agaiplt the neaieft 
place to which ^ou find - i6",i ‘she equation lequned 


TABLE 
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TABLE XXII 

Js the fame as the lafi, only the quantity is exprejfed in Time 

r 

Tin. unifori motion of the equino&ial points being diflmbed by the nuta 
tion of the eaiths a\is,*the tiue equinox will differ from the equinox com 
puted iccoiding to the mem motion, by which the true right afcenfion of all 
the ftais will be seeded The two laft Tables exhibit only part of this effed, 
except for thofe (bus which aie in the equator, the other part, califed the 
Deviation (1043), is found fiom the next Table 


1ABLE XXIU 

Is to find the Deviation of a Stat m North Polar D fiance, and in fyfy Afcenfion 

For the Deviation in North Polat Dfiance 

Hull Lntei with the light afcenfion at the top, and the longitude of the 
moon’s node in the full column on the left, and agamft them you hav£ 
the deviation If the right ifbenfion be not found in the Table, the deviation 
muft be found by proportion 

Example What is the deviation of a ftar in north polai dillance, it's 
right afcenfion being 2* zf 30' 19", and the longitude of the moon’s node 

3 2 40? 

F01 AR a* 25 and long j ’s & 3 3® the devotion is + 1”,45 
" ■ ” ■ 3 0 1 1 1 +0, 83 

05 o, 62 


Hence, 3 2 30' 0^,62 0*31 to be fubtraded, as the deviation decreafes 

* • * 

For A R 2* 25 and long i ’s & 3* 3® the deviation js 

— IO* f ■ - -Ml I .*+2, 26 

^ s 

05" o, 81 


r 


Hence, 
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i 

Hence, 3 0 2 40' o',8i 0,43 to be added as the deviation mcreafes , , 

therefore the devotion in noith polar diftance is + 1^45 - o",3i +0 ,43 = 

1 >57 

1 

For the Deviation tn Right Afcenjion 

RuLe Add j figns to the ftai’s right afcenfion, if it 3 decimation be nortJ , 
or fubttaS if fouth , and with this, as a new right afcenfion, find the equation 
from the Table as befoie, and multiply it by the tangent of the declination , 
and if the {tar’s right afcenfion, thus coriedted by 3 figns, and the longitude 
of the moon s node, ore both more, 01 bodi left than 6 figns, ufc the 
algebraic fign of the Table, but if one be mote, and the othet lefs than 6 figns, 
change the fign of the Table 

Example If the right afcenfion of a ftar be 2 27 30' 1 9", and decli 
nation 37 28 30' N what is it s deviation in light afcenfion, the longitude 

of the moon’s node being 3 7 40' ? 

The ftar s right afcenfion, increafed by 3 figns, becomes 5 27* 30' 19' 

Tor 5 25 A R and long s s 43 3 3 the deviation is — 6', 9 9 
6 o * — - 7j 09 

05 O, IQ 


Hchce, 5 # 2 30' 19" o', 1 9", 05, which is to be added to 6 ,99, as 

the deviation is increafing 

For 3' 2 $ A R an<J long D s &, 3* 3“ the deviation is - 6", 99 
— r -. 3 10 * "-6,83 

03 o, 16 


Hence, 3° 2 40’ o",i6 o', 09, which is to be fubtiaftcd fiom 6', 99 

therefore -^59-0" 03 ^ o', 09= -6", 93 , and this multiplied by 0,766 
(tang ,of dec ) gives - 3" 32 the deviation in right afcenfion 

This Table Dr Maskelyne gave with his Obfcrvations for 1796 




TABLE 
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TABLE XXIV „ r 

Contains the Ttrne in which Light moves over any Part yr M-dtipk of the mem 
Padua <f the Earth s Orbit, fnppofed to be Unity 

Rule Enter wiUrtW given diftance in the column of Patts o/Orbts Marnus 
and againft it you have the time s * 

Example How long will light be in moving otei 0,784 of thS earths 
jadius* 

6' 19 ',9 
o 1, 9 


6 ax, 8 Time 


TABLE XXV 

Contains the Nonagtfmal Degree of the Elliptic , and it s Altitude, for the Latitude 
of Greenwich , reduced (173) to the Earths Center, fuppofed to be ei 14. 7 ' 
for the Obliquity of the Eiltptic 23° a 8 ' * 

Rulb Enter with the right afcenfion of the meudnn, and againft it you 
have the nonagefimal degiee, and it 3 altitude If the right afcenfion be not 
found in the T tble, the lequired quantities muft be found by proportion 

Example If the right afcenfion of the mcudian be 3 / if 30' wlnt 19 
the nonagefimal degree, and it’s altitude ? 

AR Mci 37° nonag deg 1 ax' 20" 

m Ro "T 

0° * 1 — ■ I &3 23 20 n 


4* ° „ - 


Hence, i* 17 30" 44' 12' 15', which added to 1 22 41' 20 i. gives 

1 22 53 Zb' the nonagefimal degtee 


»?8 

,004 

,784 
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A R Mcr 37° 
38 

X 


'll* nd nag 53 35 o' 
■ $S 49 3 ° 

' *4 SO 


Hence, 1* 17' 30" 14' 30" 4' 14', which added to 55 35' o", gives 

55° 39* *4* altitude of the nonagefimal degree ' 


TABLE XXVI 

Contains the Gorre&m to be applied to the lafi Table? fir the Latitude of one Degree 

noirth of Greenwich 

Rule Enter with the right afeehfion of the mid-'heaven, and you have 
the correftions required If the right afcenfiOn be not in the Table, the cor 
re&ions muft be found by propoition If the latitude be not one degree from 
that of Greenwich, change the quantities found in pioportion 

Example IH the la& <btatnj5le, what ft the noflagefimal degree^ and it's 
altitude, for a place 20' north of Greenwich ? 

1 1 


A R mid-heay 30% the cor foi i° are 
■ ■ 4°» 1 1 1 

3-^*4 ~ 
26,0 

54', 3 
55* 9 

10 

5*4 

Te 


1 ,< i 1 

Henct, ip 7 correftioq forttie honi- 1 

sfedmal degree ■and altitude, 1 foi 1 change of latitude theiefcwel 

in « d >1 ' ij 1 



the retycftive coi regions for 20' change of latitude, hence, 3i',4~ i',3i = 
30^09 = .,0' f the coileftion foi the nonagefiraal degiee, 'ind 54^3 + o', 39 
a= 54', 69= 154' 41" the couedhon for the altitude Therefoie 1 22 0 53' 33" 
+30' |"=fi 23 23' 40' the nonigcfimol degree, and 55 39 14"- 34' 41" 
as 34 0 44' 3 f it s altitude 

VOL II 


L L If 


If 



45 ° 


TBB USE OP THB TABLES 


If the place be to the fouth of Greenwich, apply the corrections ftith a 
contrary fign 

r 

The calculation of par dlaxes by the nonagefimal degree and it’s altitude, 
being generally ufed rn computing foloi echpfes, and ocpultdtions of the fixed 
ftars and planets by the moon, thefe two Tables will be very ufeful for that 
purpofc , , 


r 


TABLL XXVII 

CaHtains the Angle between tb& Ecliptic and a Parallel to the Equator, to the 
Obliquity 23 28 , with the Variation fo) io' Variation of the Obliquity 


Rule Enter with the fuh’s dechtvadon, find yoq have the requited, angle 
If the depbnation'be not found 10 the Table, you muft find the angle by ^ 
propoition 1 1 j 1 ! 

J 

Example What is the angle between the ecliptic and a parallel to the 
equator, vyhen the fun s declination is 17 30', and the obliquity 23 55"* 

iii 1 > 1 

17° 2,0' declin the angle is 16 4' 8" 

r i 17 40 — r- — 1 B 4* 58 

— — ^ ft ’ 

20 22 IO 


Hence, 20' 10' 22' 10" ii' cf, which fiibtraCted from 1 6 4' 8" leaves 
if a" fcjr the angle at an qbhqu^ty 23 28 Now the variation at this 

point foil o'' 0? vaiiahon of the obliquity is a 5", 2 , fience, the vanation foi 1 
5' is 7' 6, which fubtr^ed from 15 53' 3" leave? i 5 32' 55*54 for the 
angle required If the obliquity had been taken greater than 23 28', the 
corre&ion muft have be£n added > 

l , 1 


1 

L p I I , I 

I I 

< 




\ 


1 I i if 

- J r 

t ' It I 
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» TABLE XXVIII 

Contains the Angle of -Pofition of any Point of the Lcliptic, according to the Obliquity 
23 28 , with the Variation for the Variation of the Ecliptic by one Minute 

Rlli Enter with the longitude of the given^pdint of the ecliptic, and 
you have the angle lequired If the longitude be not found in the T ible, 
the angle muft be found by proportion 1 

Example What is the angle of pofition of that point of the ecliptic, 
vhofe longitude is 2 10 30 xo for the obliquity 23 28 ? 

Long 2 10 ang of pofit 8 26' 43' 7 

2 xi ■ ■ — - 1 ' 1 8 2 4 °» ® 

I _ 2-4 9 


Hence, i* gd^xf 24' a", 9 12' f,$., which fubtraded from 8 26 

*43' ,7 gives 8 14' 36 ", 2 the angle of pofition 

; t 

The variation of the angle of pofition for one minute of variation of obliquity, 
to this longitude, is 23 ,2 and the vari ition fot any quantity left than one 
minute will be pioportionably left and this variation, is to be added to, or 
fubtraded from the angle of pofition found for the obliquity 23 28', accord 

mg as the obliquity is greatei or left than that quantity 

Example Let every thing be as befoie, except that the obliquity is 
23 2 7' 30" Here the vanation being half a minute, the conefponding 

variation of the angle of pofition is half 2 3", 2, or ii",6, which fubtiaded 
from 12 7", 5 -gives 11' 55 ',9, and this fubtraded from 8 26' 43", 7 gives 
8 14' 47 ,8 foi the angle of pofition 


TABLE MXIX 

^ * 
t Is to find the Angle of Pofition, having given the Right Afcenfion 

The computation from “his Table is exadly the fame as from the lift, only 
you enter with the right afcenfion inftead of the longitude 


ILX.2 


f ABLE 
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C 


TABLE XXX 

Contains tlie Augmentation of the Angle of P of non of a Point pi tlte Ecliptic fo> the 

Latitude of the Zodiacal Stars 

Rule Entei with the angle of pofition, already found, at the fide- and 
the ftai s latitude at the top, and you get the con eft ion to be f added If the 
angle of pofition be not found in the Table, the coireftion muft be found 
by proportion 

Example In the lafL example, fuppofe the flar’s longitude to be the fame 
as the longitude of the point of the ecliptic there given, and it s latitude 3 20 
to find the angle of pofition 

8 angle pofit and 3 o' lat correft is o' 39 ',7 

— 3 30 — — ’ o 54,2 

3 ° ! 4 > 5 


Hence, 30' 20' 14", 5 9", 8 the firft part of the correftion, to be added 

* corrcft is o' 39"; 7 

» o 44, 8 
1111 1 ■ 

5> 1 


Here 1 14' 47", 8 5",i i",3 the fecond part, of the correftion, to be 
added to o' 39">7, hence, the angle of pofitiqn is 8 14' 47", 8+0' 39", 7 
+9 # >8 + 1" 3 = 8 15' 38", 6 * 

The four laft Tables are of ufe m calculating the parallaxes in lolar ecliples, 
and occultations of fixed ftar? and planets, bji tihe» moon, by the method t>f Ihe 
parallaftic angle r r 


too' 39", 7 t 

I 

8° angle pofit and 3 Jat 





i 






i 


1 


TABLE 
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o TABLE XXXI 

Contains the Epochs of the mean Longitude of the Moon s ascending Node , for the 

Begtnmng of each Tear 

m Rulc Enter with the epoch, and againft it you hive the mean longitude 

j 

The epoch of the mean longitude of the moon’s afeendng node for the 
beginnugof 1784, is ix 12, 40', being the longitude of the node at that 
time, if it s motion had been uniform The epoch is put down to the neajrcft 
minute, that being fufficicntly accurate foi the purpofes here wanted 

TABLE XXXII 

Contains the mean retrograde Motion of the Node , for every Day of the Tear 

Rule Enter with the month at the top, and day of the month at the fide, 
and agunfi. them you have the motion required , which being fubtradfced from 
tlje epoch for the year, gives the mean place of the node fufficiently accurate 
for the purpofe of taking out all the equations relating to the nutation of the 
earths axis 

Example To find the mean place of the node on November 26, 1799 

1 The epoch for 1799 is - 1 22 35' 

Ret mot lor Nov 26, - 17 28 

Mean place of the node - - 1 5 7 


TABLE XXXIII 

Shows tfie Decreafe, by Refraction, of the Diameters of the Sun or Moon which are 
inclined to the Horizon , upon JUppoftton that tlie apparent Diameter is 30' If the 
Diameter be not 3V, the Decreafe will vary accordingly 

Ruli; Enter with the fun's Os moon’s altitude at the top, and with the in 
chnation of the diameter at the fide, making proportion if you do not find the 
exaft quantities and. you get the decreafe for 30 diameter , and the ecre e 
1 for any other diameter will be in proportion to the diameter 


* 

* 






1% 


Example 
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Example If the appaient diamctei of the moon be 3a, wlnt is the dt 
creife of that diameter which is inclined 0 z° to the hoiizoij, at an altitude of 

*7 

At 16' alt at fin inclin 30 , the decrcafe is 1" 6 

- ■ ■ 1 33 1. 9 

3 °^3 

Hence, 3 a o " >0 o",a , therefore i",6+o",a = i">8 is the decreafe for 
the inclination 3a 0 , and altitude 16” 

At 16 alt at an mdtn 30 the decreafe is x",6 

— 18 ■ » — , 1, 3 

a 03 

Hence, a 1 o',3 o', I 'm therefore the whole decieafe is i",8~o",i5 = 

= 1 ',65 the diminution for a diametei of 30', hence, 30 3a' i",6 5 1 ',76 
the decreafe required * 


TABLE XXXIV 
Is for reducing Jidereal to mean folar Time 


Rule Subtraft the numbers found in the Table coi^efponding to the 
given fidereal time, from that time, and it leduces it to mean folar time 


Example Reduce 17 h 19' a 

17A 

19 ' 

ao" 

3 " 

( 

Mean folar time ** 


fidereal time r into mean folar fame 

a' 47", 10 

o 3, LI 

o o, 05 

o cr, 01 # 

, a 50, a 7 " 

if 19 a3 • 

P 

17 16 3a, .73 


f 


TABLE 
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* TABLE XXXV 

IS for ^reducing mean folar Time into Jidei eat Time 

Rut r Add the numbers found in the Table conelponding to the given 
mean folai time, to that time, and it reduces it to fid&real ume 

Example Reduce u/; 37' 49' mean folai ume, to fidereal ume 


xii5 

l' 

48", 42 

3°' 

0 

4> 93 

1 

0 

15 

4°' 

0 

O, II 

9" 

- 0 

O, 02, 


I 

54> 63 


II 1 37 

49 

Sidereal time 

ix 39 

jj f »■ ■"■■■! 1 

43 > 63 


1 1 

1 1 TABLE -XXXVI 

, If to find tha Semtdtamsttr of the Sun , and it's homy Motion 

Rule With the mean anomaly of the fun, enter with the figns at the top 
01 bottom, and degieep on the fide, and coirefponding to them you have the 
required quantities If you do not find the exoft mean anomaly, the lcquucd 
quantities mhft be found by proporuon 

Exams 1 e Lat the mean anomaly of the fun be 9' 14' 20', to find it’s 
femidiomcter, and horary motion 

Mean anom 9* 14 giyes the fcmidiameter if 5l"> 2 3 

9 15 1$ 56,96 

1 o o, 27 


Hence, 
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r 

Hence, i # a o' o", 09 , therefore the femidiamctei =15 — 

°>9 = I 5 57", 14 

Mean anom 9 14° gives the horary motion 26", 56 
9 15 ■ 1 — a ^6, 47 

r r 1 O, O, 09 


Hence, i° 20' 0^,09 o",o3 , therefore the horary motion is 2' 26", 3 6 - 

0^03 - 2' 26", 33 


TABLE XXXiVII 

Contains the Reduction of the Ecliptic to the Equator , or the Quantity to be applied 
to the Longitude of any Point of the Ecliptic, to give the Right Afienfion This Table 
is for the Obliquity 23 28' 15", but there ts the CorreEhon to be applied for the 

Variation of the Obliquity of one Minute 

Rule With the given longitude enter the Table, and take out the ffc 
duftion , and if the longitude be not found, take the neareftlefs (L), with 
the difference, and the variation Then pioportion for the difference between 
that and the given longitude, the difference faken out anfweung to a variation 
of 30' of longitude, and apply the refult to L Alfo, 60" var the dif 
ference between. 23* 2 S' if and the giVea obliquity a fourth number, 
which added to the reduction above found, or fubtraEted from it, according 
as the obliquity is greater or lefs than 23 48' 15", you have the tfue reduction, 
to be applied according to the fign 

J 

Example Let the fun’s longitude be 1 1 1“ 25 16" 3^ and the obliquity 
23 28' 7", to find the light afeenfion 

For i* 11 long - Reduction a 25 5 6', 6 

Difference 26, 6 , 

Variation izyj 

*■ r 

Hence, 30' tf 10", 3 26", 6 22", 3, whtch added to 2 25' 56 ", 4 (as the 

reduttion is tncreajtng) gives 2 26' 18", 9 1 


Again, 
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Ag\in, 60' 12' 7 8' x",7, which fubtia&ed from 2* 26' 18 ,9 leaves 

?• 26 17", 2 the true redu&ion Ht.ncc, 1 xi 25 10' ,3 — 2 26 17', 2 n 

= x' 8 58' 53 ',Mhe tiue light afcenfiou 

By means of this Table, we may find the longitude fiom the right afcenfion, 
by the following 

Rule Increafe the light afcenfion by 3 figns, aAd find the 1 education xn 
the veiy fame manner as above, and apply it to the light afcenfion according 
to the fign, and you get the longitude 

Example If the given obliquity be 23 28' 7", and the light afcenfion 
1 8 58' 53", x, add 3 figns to this, and it becomes 4 8 58' 33 ,1 , and 
with this the reduction is 2 26' 19, with the variation 12 ,9 Hence, 

60' 12", 9 8" i",7, which fubtiafted fiom 2 26' 19" leaves 2 26 1 7", 0 , 

and this added to 1 8 58 5 a ',i gives 1 11 25 10", 4 

The reafon of this operation is, that when you increafe the right afcenfion 
by 3 figns, the difference of right afcenfion and longitude continues the fame, 
that being now greater which before was lefs of the two If theiefore we con 
fider the right afcenfion mcreafed by 3 figns as the longitude, it muft give the 
true reduction 


TABLE XXXVIII 

Contains the Decimation of the Points of the Ecliptic to the Equator, when the 

Longitude and Obliquity are given 

Rule The opeiation is exactly the fame as in the loft Table 

1 

Exampie Let the longitude be 1* 11 25 10", 3, and the obliquity 

23 28' 7", to find the decimation 

H 

F01 i* ii° long Declination 15 8' 49", 2 

Difference 9 18, 6 
Variation 37, 7 

Hence, 30' 25' io ,; ,3 $ 18", 6 7' 48", 7, which added to 15 0 8' 49^2 

„ gives 13 16' 3 7", 9 

) 
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Again, 
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Again, 60" 37^,7 8" 5" which fubtiatted fiorn 15 16' 3 7", 9 ieaves 

if 16 3 a", 9 the declination 

By means of this Table, we may find the longitude fiom the declination 

Rule Entei the Table with the declination, and take out the variation , 
then fay, 60" vai the difference between the given obliquity and z 0 28 
15" a fourth numbei, which JubtraB from, or add to the given declnation, 
according as the obliquity is git ate) or lefs than 23 28' 15"/ and the lefult is 

the declination fuch os it would be if the obliquity was 23 28 15' Then 

with this decimation, entei the Table again, and, by making a piopoition, you 
get the longitude 

Example On May 1, 1736, the fun s declination was 1 5 16' 34", 2 N 
and the obliquity was 2., ^28 7", to find the longitude 

Correfponding to this declination, the variation is 3 7", 7 hence, 60" 37*57 

8" 5", which added to 15 16' 34 ,2 gives 15 16 39 ',2, the declination 
if the obliquity had been 23 28' 1 5 Now the diffeience of declination in 
the Tabic is 9' t 8 ,6 and the difference between 15 16 39' 2 and thq next 

leis declination is 7 50 , heuce 9' 18,6 7' 50' 30' 25' 14" 3, which 
added to 1 11 , 01 fubna&ed from 4 n® each of which longityidts corref 
ponds to the decimation 15 8' 49^,2 die next lefs than *1 5 16' 39 ',2, gives 

1 11 25' 14', 5 and 4 18® 34' 45*,3 for the longitudes coirefponding to 

the given declination , but it being in May the^ fuff-muff be the true one 

F01 the utmoft accuiacy, we ought to mteipolate 

\ 1 

! ‘table xxxix 

Contains the Equation of Second Difference, for the Purpofe of JnUrpolatipn in 
various Cafes nfpeEhng the planetary Motions 

Rule Take the two preceding and two following values of the given 
quantity, and their equations, and find the fecond difteiences, and ifffhey be 
not equal, take their mean for Ihe fecond difference Fin-ff. the- piopoitional 
part to be ifldedi to or fubtiaffed fiom thC quantity ltnniedi it ely pi cced-ng 
the given quantity as in the preceding c camples Entei the Table with the 
mean of the fecond differences at the top, and with the minute of ugument 
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on the fide #, and the coirtfponJing numbei js the coueftion lequued , whicli 
Jubtui&ed from the pioportional pait, if the fiift diftcrence be mcreajtng cr» 
added, it it be dernafiw gives the proportional pail coircfted, which pro 
perly applied to the equation coriefpondmg to the quantilj, gives the coiredt 
equation 


EjwAmpll To find the equation of the oibit of Witcwy, correfponding to 
it’s mean anomHly 3' 5 % 6 ' 

0 


Mean An 

Equation 

ill Diff 

2d Diff 

Mean of 2d Diff 

3 4 ° 

3 $ 

15' 5 *" 

2,3 20 3 

4' 11" 

3 4 8 

43 

22$" 

3 6 

3 7 

*3 *3 5 * 

23 27 16 

3 *5 

22 


Now 60' 26' 37" 3' 48" x' 41" the proportional part, 01 the quantity 

which mufl have been added to 23® 20' 3 ' if the equations had mcreafed 
by equal differences, or if the fecond diffeiences had been equal to nothing 

Enter the Table at the head with the mean of the fecond differences 22{", 
and with 26' 37' at the fide, and you get 2", 8, which added to 1' 41", gives 
1' 43", 8 the piopoitional part corrected , and this added to 23 20 3" 

(becaufp the equation is mcieafing) gives 23 zi' 46", 8 the equation required 

In like manner you may find the value of any intermediate quantity, 
when the fecond diffcience, and the argument, fall within the limits of the 
Table, 


• The argument is the quantity coirefpondmg to which you get the proportional part or it u 
lie fecowf terra in the proportion ufed for that pnrpofe 


\ 


\ 
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1 ABLE XL 

r 

Contains the Equation of Second Dtffewue, for computing the Moon's P/aufom th 
v Nauttcal Ephemerts 

Rule Take two latitudes or longitudes immediately before, and two aftu 
the given time, and find the pioportional part Enter tin. Table with the 
mean of the fecond diffeiences of the moon s motion for 12 hours, whether in 
longitude or lalitude, at the top, and with the apparent time after noefti or 
midnight at the fide, and the correfponding number is the corredhon which 
fubtrafted fiom the proportional part, if the firft difference tnaeafe, 01 added, 
if ndecreaje, gives the pi oportiOnal pait coi retted, which properly apphed to 
^he equation, gives the coiredt equation 

To find the propoitional part, reduce the minutes and feconds of lime, and 
of degiees, into decimals, by Tables III and XLII and add ihe logarithms 
of the fccond and thud terms to 8,9208188, the ar co of log 12, and you 
have the log of the proportional pait 


I xamtle To find the moon’s ldogttude on July 16, 1767, at i 6 h 
22 16" 1 \ 

The given time is 4 h 22' 16" after midnight j hence. 


July 16, noon 


17, noon 


Moon’s Long 

iftDiff 

2d Diff 

u* 29 29' 34" 



0 6 40 25 

7 10 51" 

3' 28" 

0 13 47 48 ■ 

7 7 2 3 

3 44 

0 20 51 27 

7 3 39 



Mean of 
id DifeT 

3 ' 36 ' 


Now \h 22' i6"=4,39iii, 7 f 23"= 


12^ 

4,39 m/; 

7 ,112306 

Pro pa 2^5946 = 2° 35' 41" 


7^,13306, hence, 

co ar log 8,9208188 
log 0,6405917 
# log 0,8556^86 


V 


, log 0,4140771 
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Now with the fecond difFeience 3' 36" enter the top of the Table, and with 
qh 2a ' 16 enter the fide, and the correlpondmg number is 24', which added 
t0 2 3 5 4 1 gives 2 36 5' the pioportional pait corre&ed Hence the 
moon s true longitude at the given tune is o 6 40 25' + 2 36 5^ = 0 9 
1 6 30', and this is as coired as the longitudes from which it is deduced 

In like mannei, the latitude of the moon may be found at any time 

Di Maskelyne has added the following remaiks, lefpeding the ufe of this 
Table 

1 If the moon’s latitude taken out of the Ephemerts for noon and midnight 
changes it s denomination from north to fouth or from fouth to noith, the fum 
of the two latitudes of contiary denominations, wheie the change happens is 
to be accounted the full difFeience of that place 

2 If the thiee fuff difFeiences fiifl mcieafo and then deaeafe, or vice verfd, 
firft decreafe and then mcieafe, hilf the difference of the two fecond difleienccs 
is to be taken for the mean fecond difference 

3 If the fenes of four latitudes taken out fhould firft mcieafe and then 
decieife about the moon s greateft latitudes, take the fum of the two firfl dif 
feiences Handing on each fide of the greateft latitude for the fecond difference 
m that place , conedl the moon s latitude at noon or midnight by the Ample 
proportional pait full found, and to the latitude fo coriedted, add alwajs, 111 
this cafe, the equation of fecond difference, anfweting to the mean fecond dif 
ferences 


TABLE XLI 

Contains the Equation of Second Difference for interpolating the Moon's Dijlance 
from the Sun or Stats for every third Hour , from thofe computed for Noon and 
Midnight at the Nautical Ephemerts 

Ru£u t ' Take fouf diftanoes, two before and two after the given time, and 
take their fecond differences Enter the Tible with the mean of the fecond 
diffe cnees, and fubtratt the corie<ponding equatiqn at 3 6, 01 9 hours from 
the quarter, half, 01 three qu triers of the chinge of diftance in 12 houis, 01 
add it to the fame, according as the fiift difference is tncreafing or dccreafmg , 
and you have the moon’s change of diftance in 3, 6, oi 9 houis, which added 
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to, or fuhtraSed from the moon’s diflance at the pieceding noon or midnight, 
according as the diflance increafcs 01 deneafes, gives the moons uuc diflmci 
at 3, 6, or 9 hours 


Example What is the moon’s diflance from* Arietts, on Dec 2, 1799, 
at 3 0 clock ? 


r 



Distance 

iftDiff 

2d D# 

Dec r, midnight 

2, noon 
midnight 

3, noon 

8 1 # 27' 3" 

74 58 44 
#68 37 10 

62 22 5 

6® 28' 19' 

6 21 34 

6 1 S 5 

6' 45" 

6 29 


Mean of 
2d Diff 

6' 37 " 


The quaiter of 6 21' 34" is 

m 

I 

35 ' » 3 * 

Equation 



+37 



1 

36 0 

2d Diflance at noon 

- 

74 

$ 

00 

Diflance required 


73 

22 44 


TABLE XLII 

Contains the Minutes and Seconds of a Degree, converted into Decimals of a Degree 

*■* 

Rule Take out the decimals correfponding to the given minutes and 
feconds, and add them together 

Example Reduce 49' 57" to the decimal of a degiee 




Dec 

49' 


,81667 

57" 

- 

101*83 

49 57" 

a 

0 


y 


TABLE 
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1 ABLE XLm 

Contains the Equation to efaal Altitudes of the Sun oi the Quantity by which the 
middle Pom} of Tme between the Times when the Sun haa the fame Altitudes on 
the Morning and the Afternoon, differs fiom the Time when the Sun was upon the 
Meridian 

Rule Take the half interval of time between the two concfpondmg 
obfetvtjkions With the fun s given longitude for noon, md the half intei val, 
find fiom Table I the equation, if the longitude and half intenal be not 
found in the Table, the equation muR be found, by propoition Multiply this 
equition by the natuial tangent of the latitude, ladius being unity, and you 
get the fiiR pait of the equation, which is additive 01 fubtridhve, accoiding a9 
the fign is -\ 01 - , remcmbeiing that when the latitude is fyith, the fign of 
the Table muR be changed 

With the funs longitude, and half interval, find, m Table II the equa 
tion, by making proportions if the given quantities be not found in the 
Table 

The futp of thefe two equations, regard bung had to their figns, is the 
equation lequired , which applied, accoiding tons fign, to the middle point 
of time between the two conefponding obfervations, gives the time by the 
watch when the fun was upon the meridian 

Example Let the middle point of time between the condponding ob 
feivat'ons be 23 h 59' 21", 13 by the watch, the half liiteivd 2// 34/ 52- , 
and the funs longitude 6 14 0 36', to find the equation, and thence the time 
when the fun was on the mendian, the latitude being 33 56' S and longitude 
lb 23 E 

Tab I Sun’s lqng 6 10 and half mt 2' 30 cquat is d 15", 92 
, '■ —— a 40 4-16 08 

* • 10 o 16 


Hence,* o’ 4', $2,' o ,16 o\o8, which (as the equation mcieafes) added 
to 1 5", 92 gives 1 6 (l for the equation when the longitude is 6* 10 Again, 


4 6 4 
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Tab I Sun’s long 6' 15 and half int 2 1 30 equal is +15 >71 
— — — - 2 40 4 15 > 8 7 

* 1 tr ~ 

10 o, 16 


Hence, 10 4' 52," o",x6 o",8, which added to 15 ,71 gives 15", 7 9 for 

the equation when the r ongitude is 6 15 The diffeience between this and 

16 , the equation when the fun s longitude was 6 10 , is o* 21 
«■ 

Hence, 5 4 36' o', 21 o', 09, which fubtia&ed fiom 16' (bccaufe the 

equation decreafes this way) gives 13' ,81 for the equation fiom Table I 
And this multiplied b> 0,6728, the nat tang of 33 56', gives 10' 64 the 
firft part of the equation, which is fubira&tve, becaufe the latitude is fouth 

Tab II Suns long 6 yo and half int 2 h 30' equat is -o",87 
. 1 1 .. 'i 1 1 2 40 — — - o 85 

10 O, 02 


Hence 10 4' 32," o', 02 o', or which fubtn&ed from -o", 8 7 (as tne 
' equation decieafes) gives - o",86 for the equation when the longitude is 6 10 
Again, 

Tab II Suns long 6 15 and half int 2* 30' equat is — 1",29 
■ ■ ■■ • — — • 2 40 —1,26 

10 o, 03 


Hence, 10' 4 52," o",o3 o",oi, which fubtra&ed from - r",29 gives 

- i",28 for the equation when the fun s longitude is 6 15 The difference 
between this and -o' ,86, the equation when ^he fun’s longitude was 6 io*, 
is o ,42 

Hence, 5 4 36 o',42 o",39, which added to — o" 86 (bemffe the 

equation increafes this way) gives - 1 ',23 for the fecond part of the equation, 
and the two parts added together (becauk they aie both fSbtradhve) gives 
-11 ,89 for the whole equation This therefore fubtra&ed from 23^ 39' 
2i",i3, gives 23 h 39' 9", 24 for the time by the watch when the fun was upon 
the meridian 

Hence, 
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Hence, we may determine how much the watch was too faft, or too flow 


Equation of ime at noon at Greenwich was 
And 24 h ih 14' (long m time) 16 ,7 

(daily dif* of '■quat ) „ 

Equation of time at noon at the given place 


Mean tame of apparent noon 
1 ime of apparent noon by the watch 

Watch too faft for mean time 


- 

• 12 

I 9 , »3 



CO 

O 

- 

■ 12 

18, 5 

24 h 

0 

0 

2 3 

47 

4 1 * 5 

*3 

59 

9, 2 


II 

»7> 7 
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TABLE XLIV 

Contains at once the Equation to equal Altitudes Sufficiently accurate for rnjl Purpofes 

Rule With the latitude and interval between the obfervations at the head, 
and the declination at the fide, you get the equation required Whilft the 
fun moves ficnn the tiopic of Capricorn to the tiopic of Cancer, the equation 
is to be JubtraSted from the middle point of time , and whilft it moves from 
the tropic of Cancer to the tropic of Capucorn, it is to be addedy in order to 
get the time of apparent noon by the watch 

Example Iq latitude 51° 32' N when the fun’s dedination was 20 S 
on Januoiy 29, the intcival of equal altitudes was found to be fh 10, and 
the middle time by the watch was 12 h 3' 32", to find the tune of apparent 
noon by the watch 

With the latitude 30 N and at the head (the neaieft to the given quan 
titles), and declination 20 S at the fide, you get the equation 13', which is 
to be fubtiofled becaufe the fun was moving from the tropic of Capricorn to 
the uopic of Cancer, hence, 12 h 3' 19" is the time of apparent noon by 

the watch ' 
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1 ABLE XLV 

Contams the S mi dm net Arcs of the heavenly Bodies whofe Declinations do not 
change in Time, and therefore for all common Bur pofcs, it *wtU pve for the Suit 

For the Sun the ay: giae the time of it’s fitting, nnd if it be fubtufted 
froth 120 dock, you get die time of it’s riling # 

For a Star, idd and fubtraft the equation to and from the time which 
the ftai pafles the meridian (105), and you get the time of it’s fetting ahd 


The Table is calculated for the arcs correfponding to the time when the 
center of the fun appears in the horizon, the eye being at the fuifacc of the 
earth, thereby taking into confideration the effeft of refraftion 


Example In latitude 52 0 12', and declination of the fun 23 
is the time of it s liling and fetting ? 5 


28', what 


Lat 52% declim 23 

53 > — 

1 


arc 8 h 16' 
arc 8 22 

6 


Hence, i° 12' 6' 1' fo be added to U 16' 

* 

Lat 52", declin 23 

— 24 

1 


Hence, 1 28' 8' /f to be added alfo to Zh 


arc 8" 16' 
arc 8 24 



* ura ^f c = 8i «<'+i'+ 4 '-M 21'the tin* of letting, 
1 %h — 8 h zx —3^ 39' the time of liling * 


m 
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TABLE XLVI 

Is principally trtended to find how long the Body of the Sun ts tit afiendtng above 
the Horizon, or the Ttme between the upper and lower Limbs of the Sm touching 
the Horizon 

* ** 

Ruee Entei with the declination at the top, and latitude at the fide, and 
you have the time which the fun is in afcending i If die declination and 
latitude be not found in the Table, the time mull be found by pioportion 
Then i the diameter of the fun that time the time of it’s riling, 01 
by logiftic logarithms, log of fun’s diameter + log of time found from the 
Tables = log of time lequired 


Exampi e How longwillthe fun be m ufing at Cambudge on June i, 1799* 
Here the latitude is 52 12', 5, and decimation 22 6', and funs diameter 

31' 38 


Lit 52 , and dedin 21* 
53 


time for 1 is 8' 4' 
8 20 

16 


Henfc, i° 12', 5 , 16 ' 3" to be added, for 12', 5 of latitude 

Lat $2 and declin ai # - - tune for i is 8' 4' 

, . . .—■■■■ — — -i 24 <• - 8 43 

3 4 ° 

Hcnc6» 3 6' 40 l ffl to be added, foi 6' of declination 

Thiiofbre the tihie of Mng 1! 9 is 8^ 4'+ , 3 ,/ 4 j i"— 8' 8 Hence, 

* 1 < 

Log 31' 3 8 ' * a 7 8 ° 

Log 8 8 - 8679 

Log 4 17 time of riling - - 1,1459 
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TABLE XLVII 

Contains the Amplitudes of the heavenly Bodies at the Tfne of their Rtjtng 

Rule Enter with the declination at the head of the Table, and tlje lati 
tude at the fide, and you have the amplitude If the declination and latitude 
be not found in he Table, the amplitude muft be found by proportion 

Example If the declination of a liar be 17 30, and the latitude 57 20', 
what is the amplitude at it s riling ? 

Lat 57, and declin 17°, the amplitude is 32 28' 

——58 1 1 33 29 

1 ■" 

1 1 


Hence, i # »o' 1 1' 20' to be added, foi 20' of latitude 

Lat 57 0 , and declin 17 , the amplitude is 32° 28' 

— 18 34 34 

1 26 


Hence, 1 30' 2 6' 1 3' to- be added, for 30' of decimation 

Therefore 32® aS'+ao'+i® 3'= 34 31' the amplitude required 

I 

If the Table be entered with the complement of latitude mftead of th^ lati- 
tude, you will get the fun’s altitude when on the prime vertical This follows 
from hence, that if for the tine of latitude m the proportion which gives the 
altitude, you put cof lat it gives the proportion foi finding the amplitude 
This will appear from Articles 89, 91 • 
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I ABLE XLVIII 

Is to find ax any T me lt>hat Proportion the enlightened Part of the Pact of the Moon, 

or V enus, bears to the Whole 

Role Ent$r with the degiees at the top and on the firft column for the 
moon, and at the bottom and laft column for Venus and {jorrefpondmg to 
them you have the enlightened part, the whole face being reprefented by 1a 

Example If the diftance of the moon fiom the fun be 137 12', what is 
it’s enlightened pait? 

Diffc 137 0 - enlightened part 10,388 

138 - • ■ 10,458 

1 ,070 


Jlence, 1 ia' ,070 ,0x4, therefore the enlightened part is 10,388 + 

,014= 10402, the whole being 12 

Example If the angle formed by two lines drawn from Venus to the 
earth and fun be 50 20', what is it’s enlightened part f 

Angle 50° enlightened part 9,856 

51 - ' 9 > 77 ^ 

j ,080 


Henfce, 1° 20' ,080 ,027, therefore 9, 856 -,027 = 9, 829 the enlightened 

part, th^ whole being 12 
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TABLE XLIX 

Is to find the Hour Angle of Jupiter from the Mettdtan, when it is 8 ® above the 
Horizon , for the Latitude of Greenwich 

Rule Enter with Jupiter 3 declination in the column with that title* and 
againffc it you have the correfpondmg houi angle If the declination be not 
found in the Table, the hour angle muft be found by proportion 

Example If Jupiter’s decimation be 22® 20' N what is it’s hour angle, 
when it is 8 high ? 

I?echn 22 o' - hour apgle is f 1 1' $ o ' 

■ 1 1 aa 39 - — » 7 4 41 

{ r ^ ^ 1 1 ^ 

3° a 51 


Hence, 39® 20' 2' 51" i' 54", theiefore the required hour angle is 

7 1 i' 5°"+ 1 ' 54"= 7 h 3 ' 44 


TABLE L 

Is to find the Hour Angle of the Sun, when it is 8® below the Horizon , for the 

Latitude of Greenwich 

Rule Enter with the fun’s declination in the colunjn Wfth that title, and 
agamft it you have the hour angle If the declination be not found in the 
Table the hour angle muft be found by proportion 

Example If the funs declination be 18 13' S what 1$ it’s haul angle, 

hour angle is 5 s 20 6 " * 

— — 1 " 5 *7 r 26 

a 40 


when it is a below the horizon ? 


Declin 1 8 o' 
— 18 ^o 


30 


Hence, 
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Hence ;>o if 40 x > 20 " f 
5' 2o 6 "-i' zc"=f x8 46" 


theiefore the required hour angle is' 


Thcufeof the two lift Tables is to find wliethei an edipfe of Jupiter 
fatellites will be vifible at Gieenwich 01 on that parallel of latitude Tor if 
at tie time 0 an eclipfe the hour angle of JupitenbtJ equal to, 01 gieaier 
than that which the Table gives, and the hour angle of the fun b/equil 
to, or left than that given in the Table, the eclipfe will not be vifible if the 

Tables l °i °r l6f n i! nd ruf JattCl CqUaI t0} 01 & leatei than what the 

lables give, the eclipfe will be vifible 


TABLE LI 

Is a Table of Logtfltc Logarithms, which were JirJl employed by Street, and 
are nothtng but the common Logarithm fubtraSlc l from 5,5^3 which ts the Loga 
nthm of Z S°° by which means the Logarithm of 3 6oo"( = 60') becomes nothing, 
and the Loganthm of 360 becomes 1,0000 For Numbers grater than 3600, the 

Logarithms would be negative , , but tnfiead of putting them down fo, then arithmetic 
complements are put down 


vi e If the firfi: term be 60', or 3600" add the loganthms of the fecond 
and thud terms io„( that, but if the fum of the two laft figuies in the addition 
the index excepted, be equal to oi greater than lo, you are not to cairy 1 to 
the 11 dex, and the fum is the logarithm of the fo irth term If the fecond 
term be 60, fubtiad the logarithm of the fiift teim flora the loganthm of the 
third, adding 1 to the index of the logarithm of die third, if neccffvry, and 
the remainder is the loganthm of the fouith term 


Example I What is a fourth piopoitional to 6 o', 6 f 25", and 37' 41*? 


6 S ' 25" 

37 41 

Anfwer 41 3 


log 9625 
log 2020 

log 1645 


Example 
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47 * 

Example II What is a fourth proportional to 60, i 36", and 17' a8 > 

i' 36" 

17 38 

log 1,3740 
log, 33^7 

Anfwer 0 44 

log 1,9107 

r 

Example ifl Whit is a fbuith pioporhonal to r6' 47", 60', v\&if 

if a 8" 

16 47 

log 5359 
log 5533 

Anfwer 62 27 

_ - log 9826 

Here it was neceffary to add 1 
term, or which id the fame thing, 
line 

to the index of the logarithm of the tlurd 
io was added to the laft figure 3 of the upper 

Example IV What is a fourth proportional to if 19", 60', and 5' $"? 

5 ' 9 " 

27 19 

log 1,0663 
log 34 i 7 

Anfwer n 19 

- log , 7 2 4^ 

If the firft term be 24 h and the fecond term be hours and minutes, and the 
third term be given in time, or be an arc, we may fidd a fourth proportional, 
by conceiving the head of the Table to leprefent hours 

Example Whit is a fourth proportional to 24^ , 13b 33', and 76' 34"? 

24 b 

13 53 ' 
76' 34 " 

ar co 6021 

<»657 - ~ " 

894.1 

» 1 

^Anfwer 44 17 

1319 * 

1 1 a 


We 

* 

m 

*> 
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THB} USB OP THE TABLES 

Wficjeft 2 in the index becaufe the firft and thud terms are arithmetic 
complements, and i is to be lejefted foi each 

In like manner, whatever may be the thiee termsj whethei houis and mi 
nutes, minutes and feconds of time, degrees and minutes,, minutes and kconds 
of -ran aic, 01 two of one and one of the othei, a fourth piopoitional may be 
found, piovided the quantities fell within the limit of the Table 
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Those fl 

declination, and more than *70 and 9 „hofe ht 

annual vanation of notth declination, and 

ifcenfion is moie than 27 decUnUlon have then annual variation of 

between 90 and 270 wl ^ ^ ^ u „derftood with .efpea to a time tfa 
“" but. If the tune *-«* *at p.uod, the va.ut.onot deal. 

nation is to be 'ipphed with a fi 6 n 
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34 +8 
57 87 
55 66 

5 °S 

Ss 5 i 
35 1-8 

5 7 , *9 
55,59 

tJ 2 OO 

6P 5 1^,0 
118 50 S7° 
<7 36 360 
62 3 c 36,0 
/i 48 1,0 

C 31 

6 40 

6,78 
6,9 4 
/ 30 

A 50 
5 >S 

6,99 
7 , 1 1 
*17 

131 

13 

133 

ni 

i 3 «: 

Piocyon 
* Gemino 

Pc llax 
* (. Ccmmo 

6 L)J ns 

1 

<; 

1 

s 

ui 0 56 8 
11 fe Jq c 

11 0 ) 

T13 3 1 c 

114 1/ { c 

47 S 

> 54 5 i 

1 55,99 

J 4 0 

> 66 30 

47 /9 
54,17 
S', 9 1 

r b ;t 

84 10 ^0,0 

65 - 54,0 
01 -4 56, ‘ 

70 ss 3*J J 
41 jo ib,i 

7 * 9 
7^4 
7 , 7 i 
784 
8,-3 

7 46 

/«<• 

790 

S c- 

647 

6/5 

1 5 

9 , S' 5 
9,86 
io ,43 

i^6 

i 37 

13b 

139 

140 

<p Gemmo 

0 Cmcii 
f tinea 

V C m n 
0 Can n 

s 

* 

4 

3 

Hi |1 34 < 
116 37 4 < 

11 0 54 c 

i lb J9 ~6, c 

io J2 13 ( 

J 55,33 

> 5 

> 5 j ,54 
^ 54*55 

3 48, gj 

J— - -1 

55-4 

51,90 

53 46 

fell 

62 38 6,1 

71 7 -8 

66 41 s;,- 

6j 46 59 , a 
80 * r 3J,° 

b 3 6 
90/ 
9 ,*P 

* 9 /« 

' 10,-7 
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Dr BRADLEY'S CATALOGUE OF FIXED STARS 


Numb 

of 

Star* 

Name* 

of the Stan 

s 

1 

1 

Mean Right 

Aaconiicm 

Jan r 1760 

An Prace* in 
Right Asceiuion 

Meagi BUtance 
ft mN Polo 

Jan 5 1760 

An Procei m 
Decimation 

1760 

l800 

- 

1760 

1800 




D 

M 

S 

« 

I 


M 

s 


8 

141 

r 4 » 
/ *43 

144 

1 45 

* 6 Canon 

* n Cancn 

* 7 Cancn 

* J Cancn 

1 Urfae maj 

s 

5 

4 

4 

4 

124 

124 

127 

127 

130 

a8 

4 * 

ao 

45 

40 

16. 0 

53 .0 

30.0 

17.0 
2 0 

51,57 

5 a , 3 a 

S *,46 

S *,38 

63,37 

5 1 49 
5 a » a 4 
53,36 
48,30 
63 09 

7 * 

68 

67 

70 

4 i 

6 

45 

4 i 

58 

2 

44 5 
40 s 
9 1 
47,9 
3 * 

*i >3 3 

ri >39 
12,14 
12,25 
13 04 

11 49 

*1,56 

13 , 3 ° 
13 , 4 1 

13,33 

* 4 * 

# 1 « Cancn 

4 

130 

41 

5 ®» 3 

49,30 

49, a 3 

77 

28 

- 3,1 

13,05 

* 3 , *9 


• a a C/rncu 

4 

131 

20 

4 , 8 

49 33 

49 37 

77 

13 

43,7 

13,22 

13,36 

I48 

* m Canai 

s 

133 

40 

S 3 0 

48,90 

48,84 

78 

2w 

S a 5 

13,8a 

14,02 

149 

* { Cancn 

6 

*33 

5 3 

48,5 

Sa,o6 

5*, 95 

66 

59 

S 7 ?o 

* 3 ,®? 

14,01 

150 

# *> Leoma 

5 

138 

53 

50,0 

48,37 

48,31 

79 

54 

4 M 

15,08 

15,30 

151 

m Hydras 

3 

138 

56 

57 , 0 

44 , *7 

44 *5 

97 

37 

48,0 

15,09 

* 5 » a 0 1 

, *S a 

0 Urfx miy 

3,4 

139 

IO 

9,0 

63,14 

63,79 

37 

*4 

35 ,o 

*5,14 

* 5.30 

*33 

* { Leoms 

4 

139 

44 

49,0 

48,8l 

48,69 

77 

39 

4,3 

*S . a 7 

* 5 f 39 

*54 

10 Leon mm 

4 »S 

139 

5 * 

36,6 

55 , 8 a 

5503 


33 

£3 

*5,3 0 

r 5?44 

*55 

10 Leoma 

_S_ 

I 4 I 

7 

s 8 ,9 

47,67 

47 6i 

L 

5 

58,5 

* 5,58 

1 *5,09 

156 

# Leoma 

4 

H 

4 

S°» 0 

48,31 

48,35 

79 

z 

40,8 

* 5,79 

13,90 

* 5 ? 

1 Leoiua 

3 

*43 

2 

44 ? 0 

SM° 

5 * 39 

6 5 

7 

59,5 

* 5,99 

x6 11 

*58 

* * Leoma 

s 

I46 

r 9 

-,0 0 

48,61 

46 S 3 

7 6 

-5 

16, $ 

*6, 6c 

16,76 

*59 

• ir Leoma 

4 

I46 

5 - 

4 bo 

47 7 ° 

47 6+ 

bo 

48 

5 T ?*7 

16,76 

16 96 

100 

# n Leoma 

4 

I48 

^3 

lb, 0 

49,30 

49 aa 

73 

4 

37 5 

J/,0/ 

1 7 a 1 7 

I&I 

# A Leoma 

5 

148 

47 

16, 0 

47,97 

47 9 * 

78 

5 ° 

10 0 

* 7 , ta 

17 ~I 

163 

Regulua 

1 

148 

S 3 

3a, s 

4®,34 

|8 -7 

76 

5 * 

91 

* 7 , *4 

* 7> a 3 

W 5 s 

£ Leoma 

3 , 

150 

49 

ab, 0 

50,39 

50 8 

0 ^ 

«* ■> 

47 8 

*/ 47 

*7 /> 

164 

7 Leoma 

a 

* 5 * 

40 

3 S, 0 

49 , 5 ® 

49,48 

68 

57 

1 3 , t 

17,6, 

* 7 , 7 o 

165 

fi Uifas maj 

J_ 

ISI „ 

_ 59 _ 

9 0 

54,60 

Sb 37 

47 

lb 

10 ? 

r /,67 

*/,76 

I 66 

f g Leonif 

4 

*55 

a 

25,0 

47 , 5 ® 

47 44 

79 

^7 

56,6 

18,14 

*8 19 

l 6 *) 

# 48 Leo^u 

5 

«ss 

34 

O 0 

47 ia 

47,06 

bi 

49 

5,0 

18 

18, 9 

168 

37 Scxtantia 

6 

' 5 ^ 

a 3 

42 0 

46,91 

4607 

8a 

a- 

0 ^ 

18 6 1 

*8,67 

I69 

J8 SeXtantu 

6 

‘i b 


21, 0 

46,90 

4$8 s 

8 - 

-3 

40,1 

106 s 

18,71 

I^O 

* 55 Leonib 

5 : 

roo 

50 

19 0 

46,16 

46,13 

87 

59 

-0 5 

ib,yo 

18,96 

1 }”• e 

S56 Leorys 

6 ; 

[60 

S 3 

17 0 

46,79 

46,74 

8- 

3 - 

24,0 

l 8 9 t 

18,96 

17a 

0 TMt maj 

a 1 

l 6 T 

47 

56 0 

55 80 

55 40 

33 

^0 

9 

T9 01 

19 07 

*73 

d Leony r 

! J; 

l 6 - 


29 0 

46 46 

46 4 


5 

55 ° 

1904 

tg 09 

*74 

c leoms 

3 

l62 

4 

3 ^ 0 

0,73 

466b 

8- 

36 

53 ‘ 

J 9 0 !■ 

19 09 

*75 ' 

" « Uife maj 

1 2 

16 

10. 

— T — < 

35 0 

5/97 

5 7,45 

26 

57 


1905 

19 1 
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V&l II 


P P ? 
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D* BRADIEY’s CATALOGUE OF FIXED S1ARS 


Ni nl 

of 

Stnra 

h-U B 

af tl 0 St a 

r 

p 

rr 

P- 

Mem Ri^ln 

A*ce t>ioD 

Ai Preces 1 

Rigl 1 Aa enaion 

Men Di tu ce 

f 1 11 N Pi 

Jm 1 i?fo 

Ai liecoa in 

D cl 1 f 01 

Jm r 1760 

7 <"o 

l800 

1760 

m 




D M 

c 


D M I 

Bag 

■ 

1/6 

177 

178 

*79 

1$0 

* X Learns 
l Leonis 

0 Leonis 

* 7 c Leonis 

* 76 LeotU'i 

s 

3 

3 

S 


46,81 

47 i 9 6 

47>44 

46,20 

46,17 

46,76 
47,87 
47,37 
46 l8 

46 14 

8l 22 16,7 

68 9 S 3 3 

73 IS 465 

86 40 -1,8 

87 -15 5 

S 

19,20 
19 40 
19 

19,4b 
19 si 

x8i 

1 8a 

183 

184 

idi 

* c r L^oiua 

* 79 Leonia 
r Leoiua 

* e Leoma 

* v Leoma 

4 

5 

4 

167 11 17,0 

167 $5 51,0 

168 S 3 si,o 

.169 30 S3 0 
171 9 S 7 0 

4650 
46,13 
46,21 
45,8a 
4 S 95 

46,46 
46,10 
46 18 
45,80 
45,94 

8 a 39 30,3 
87 16 40,1 
85 49 -7 5 
91 40 54,8 
89 JO l6 

19 5 * 
19 57 
19,64 
I9,0b 
19, /8 

J 9 55 

19,60 

1967 

I 9 , 7 I 
19 bo 

186 

188 

189 

igO 

* 1 £ Virginia 

* p Virginia 

P Leoma 

* (3 Virginia 
y Uif® maj 

s 

s 

h* 

3 

2 

173 13 35 , 0 

173 33 41,0 

174 11 S9»° 

1 74 3 » S 1 , 3 

175 16 »S>° 

4633 

4 < 5-5 
46»50 
46,03 
48 ag 

46,39 
^6 21 
46 45 
46,02 
48 QO 

80 34 3 J,b 
8-f 7 3 ?,o 

74 5 ! 3 ,o 

86 5^ 56,1 

34 5 b l6 »* 

19,8/ 

1988 

19,91 

19, 9^ 
* 9,95 

19,89 

X9,8 9 

19,9a 

J 9,93 

J 9 , 9 6 

IQ 1 

ig2 

193 

194 

1 9 5 

* r Virginia 

J Urfti maj 
y Com 

* n VuginiB 

* v Virginia 

s 

3 

3 

5 

3 

177 8 28,0 

180 51 27,0 

180 £„ 30, 0 

181 35 43,0 

181 54 30, 7 

46,07 

4 < 44 
46,01 

45,93 

45>94 

46,04 

45,10 

46,07 

45,93 

4 s 95 

8a 2 50,3 

37 S 4>1 
106 12 27,1 
89 37 1,3 

89 19 51,9 

* 9 i 99 

20,01 

0,01 

-.0,01 

20,00 

1 9 i 99 

20 OO 
-<0,00 
*,0,00 
19-99 

I96 

*97 

198 

199 

200 

* c Vir 191s 
k Dracoma 

* X Vnginia 

* y Virginia 

Vnginia 

3 

3 

5 

3 

l8 2 32,0 

i8| 46 32,0 
180 43 19 c 
187 a 45, 5 
190 28 3 , c 

45.87 

40,04 

» 4 6 > al 
l 45.93 
* 40.45 

45 86 
3967 
46,»3 

45 95 

46 so 

85 ao <s ,7 
18 S3 a 6 
96 40 13 s 
9 ° 7 43,5 

98 1 3 1 - 7,8 

>0,00 
19,91 
19 88 

19,85 

19,68 

1999 
19,89 
19^5 
19 b 
19,64 

01 

Ow 

203 

204 

2°5 

i Vnginia 
Virginia 

* g Vnginia 

* 0 Virginia 

* bpici Virg 

3 

3 

S 

4 

1 

x 9 ° 5 a 54 s c 
19 33 3 i, c 

193 30 21, c 

194 23 16, c 

198 8 44 1 

45 , 6 a 

44 . 9 « 

46,7a 

46,30 

47,01 

45 

44*97 

46 77 
4 6 »33 
47,07 

85 17 3~,s 
77 44 43 ,/ 
99 a 7 o,ff 

94 15 3 a 

99 54 3 ,o 

1965 

19,53 

1 9>43 

r 9>39 
19 02 

19 61 

i 9>49 
19 3b 

*9 34 
18 96 

ao6 

207 

208 

209 
-to 

* 1 Virginia 
f Unse maj 

* 2 1 Virginia 

* m Virginia 
u Uifie maj 

4 
3 

5 

5 

2 

198 31 4, c 

198 33 ia c 

199 s- 44, c 
ao- 15 44 c 

l *°4 3 * l »« 

47 .a» 

3643 

46,5a 

46,9a 

35«5 

47 *7 
36,30 
46,57 
*6,98 

35,77 

(oi %% 14 

33 4 b 53,7 
95 0 b,8 

97 -8 S 7 . 5 1 
' 39 a8 51,7 

189%, 

*18,97 

I SjD2 

18, 5- 

l8,2I , 

1^,91 

18,92 

*8 , 75 
18,45 

J 18,15 


* 
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Dr BRAbLEY’s CATALOGUE OF FIXED STARS 


Is imb 
of 
Stars 


Names 

of the Stan 


I 


Mean R ght 
Ascenno 1 
Jan i 1760 


An Prate in 
Right Ascension 


1760 f 1800 


Mean Ditta ice 

fm^n 1 ? Pole 

- r. h c- 

An Preces 1 

D cl lation 

J mu 1 

170 U 

1760 

l 800 

D 

M 


s 

1 

a 4 

28 

18 2 

J 7 » 4 * 

iy 33 

99 

8 

41,8 

*7 33 

17,23 

69 

33 

27 1 

17 12 

i 7,°4 

102 

J 5 

12 3 

17 06 

1695 

37 

I 

48 3 

165 + 

16 5 I 

IO 3 

8 

* 5 

ESI 

15,42 

105 

z 

44,7 

1 Broil 

*5 35 

IOO 

*5 

30 5 

15,12 

14 99 

too 

9 

47,5 

*4 99 

14 86 

14 

51 

44 5 

14 66 

146 ; 

io $ 

18 

33 5 

14,56 

14,46 

108 

51 

58,7 

14,24 

14 10 


28 

S 1 , 5 

13 89 

* 3,76 

106 

I 

n 9 

12,90 

1 ,75 

103 

58 

14 2 

12 7 w 

I *,S 7 

6 - 

-7 

48,0 

i -,56 

ia ,44 

u i 

1 

3,0 

r -,45 

13 , 9 

108 

5 * 

50,6 

12 31 

13 n 

8 - 

48 


12 01 

11 87 

114 

35 

22 5 

11 S 3 

ii 36 

IOO 

*5 

48 b 

II 52 

”, 3 S 

IOO 

Q 

18 , 1 

”>47 

11,30 

6 b 

l 7 

9 j 4 

11 43 

11,30 

”5 

-3 

4 1 

11 16 

10 99 

103 

*>4 

0 4 

11,13 

10 97 

UI 


1 / 

”>oj 

10,86 

109 

7 

39 i 1 

10 64 

10 47 

109 

59 

5 2 


1037 

rio 

1 1 

5 / f 

10 50 

10 3 p 

43 

J / 

9 0 

10,36 

10,26 

0 

CO 

48 ^ 

58 , 

10 15 

998 

93 

p 

26 9 

9,87 . 

971 

113 

34 

v 

9 53 . 

9,34 

n 4 

59 

41 , 1 

9 , 5 ° 

931 

109 

-7 

16 , i 

9 , 3 

9 ,° 5 
J 


an 

214 


a Draconis 
I* £ Virginia 
Ar&uiua 
I* A Virginia 
6 Bootia 


209 

210 
m 
an 

r 4 


28 a8 o 
1 50,0 
10 J 3 ,o 
3 a 26 , o 
15 32,0 


24 a 9 
47>54 
4-)°7 
48,20 

30,99 


24,31 

47,60 

42,06 

48,27 

30,97 


-16 

217 

2 Io 

ai 9 

220 


I* [l Libite 
“ a Libi t 
j* 2 f Libiro 
I* 18 Libia 
i 1 Uifa- min 


ai 9 3 +1 °| 

19 24 40 , 6 ! 
a-o 56 46, 0 

221 29 16,0 

222 17,0 


48,87 

49,35 
48 34 
48,30 
5,43 


48 95 


48 41 
48 37 
4,78 


221 

222 

* 2 , 

224 

225 


F i > Libne 
k 1 1 Libne 
0 I ibre 

♦ 4 i Libne 

* y Libuu 


223 1 

-4 3 

26 1 

-9 SO $ 9 , 

230 32 


19 , o| 
51,0 
57f 5 

1 


49,69 

S 3 

50 , 3 a 

7 | 49,77 


49,76 

50.83 
48,14 
50,40 

49.84 


326 

22 

3 

229 

330 


a Coion L01 

* 42 Libi-n 

♦ * J lbn. 

a Sti ipantis 
I* 1 A Scoipu 


231 

3 i 

33 

33 

34 


8 

3 - 

2 

7 

48 


12. 0 

34.0 

o, 0 

p,o 


37,80 
5 ,58 
Sh 3 * 
43 , 9 1 
53 , 4 i 


3781 
52 68 
S 1 » 4 l 
43,93 
53,54 


2 5 i 

-'S* 

-33 

335 


* ?. Libia 
8 Libin 

5 Scrpcnti? 

* » Scoipu 

* 4 * Libia. 


*34 

*35 

*35 

236 

-36 


S 1 

2 

n 

5 

ri 


40.0 

58.0 

3 ,o 

47 .0 

53 .0 


ihl 0 

50,63 

39,38 

5381 

49>94 


51 78 
S0 7 1 
39 40 
S3.9 1 
50,01 


236 

V 

2jb 

*i9 

240 


#" l Scorpu 
* 0 Scoipu 
Sfcoipn 
*_2 u Sun p# 
Hticulu 


236 

*37 

238 

38 

38 


32 

5 * 

1 ^ 

o 

50 


44.0 

47 0 
9 0 

37.0 

ix 0 


5»> 6 5 

5 r ,8i 

>-,13 

52,20 

*7,75 


5 * 73 

51 8 b 

i*,-o 

5- *7 
*/ 77 


4 ' 

43 

a W 

-45. 


p- Scoipu 
^ Q Ouhwthi 

* 1 9 Scoipu 
!* ff Scofpin 

* 4* Op luu chi 


40 

4 r 

4 1 
4 


3J 

36 

33 

39 


18, 0 

*i 4» 0 
35, 0 
4 °j 0 
*3/1 0 


51,80 

46,86 

?3,6o 

54> r 4 

> a , O 


51 88 

46 9 o 

5 6 9 
5421 

5 , a 7 


1 i r 1 
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Dr BR\DLEY’8 CATALOGUE OF FIXED STARS 


g Mein R gl t An Fre ee in Mem Dun ice An I reccs 
s Attention R ght Ascension, from N I ole Declinilun 


Nime* p Attention 

of the Stir. 3 J(Ul , 11&0 


7in i 176 































Dr BRADLLYs CA1AL0GUL 01 FIXED'STARS 


>«umb 

of 

Start 

Name* 

of the Stir* 

—~w — 

E? 

i 

Mein Right 
Ascotuion 

J'm 1 1760 

An Pieces in 
Right Ab e sion 

Men D tUnce 

fiora N 1 ole 
Jai 1 1760 

An P ece in 
Decli ncio 

176 

800 

1760 

SOO 




d s 

B 

a 

D 6 

s 

s 

316 

3 *? 
31a 
319 

3 ®o 

# e Capncorm 

* v Capncorni 
a Del plum 

» Cygtu 

1 Aquam 

5 

5 

3 

1 

4 

3°3 47 J 5.c 
3°6 35 ! 9 »o 

307 7 27,0 

308 18 51,3 

308 40 1,0 

5 M* 

5 T >45 

41,63 

3 °, i 3 
48 78 

5 M 4 

5 r >37 

41,62 

30,54 

48 7a 

108, 3S 10, < 
108 57 56 
74 55 * 3 , ' 
45 33 59 . < 

IOO 21 20 

3 II, 13 

5 11,93 
\ ia,o8 
? I *» 4 I 

u,a 9 

12 09 

ia,<o 

ia,6s 

3 »i 

32A 

3 a 3 

3*4 

3 *S 

* Cygrn 
f* Aquam 

* 19 Capncorni 

* * Capncorni 

* 0 Capncorm 

3 

4 

4 

5 

4 

309 7 39 . 0 

309 55 *1,8 

310 18 10,0 
31a 40 43 0 

313 y 5 » 4 

35 . 8 a 

48,60 

51.13 

ShS* 

50 

35 , 8 a 

48,54 

5 J ,°4 

51,4a 

5064 

56 55 6, < 

99 5 - 3 . S 

108 48 58 < 
no 47 13, a 
108 10 12, j 

12,63 

1 12,84 

I9 » 9 S 

13,66 

13 74 

L 

1 73 
13,98 
13,09 

13 1i 

13,81 

336 

3*7 

328 

329 

330 

# ixCapucoini 

* r Aquam 

* ^Capncorni 

* aflHpncoim 

JasL 

5 

3 

5 

5 

4 

313 V 40, 0 

314 7 30 0 

315 29 5,0 

315 36 34,0 
315 57 2j 0 

51,8 
49.07 
Sh 49 
49,98 
44 89 

51 ,% 
49 ,oo 
5 1 . 39 
49 90 
44.86 

8 35.8 

102 19 4 j 

"5 37 5 9 * 
106 g 1 a, 

8 5 43 5 * 8 

13,83 

1 3,93 
14,27 
14,30 
J 4,39 

13,96 

1407 

1^41 

* 4,43 

14,50 

331 

33a 

333 

334 
33 ? 

* » Capncorm 
« CephSK 

1 Capncorni 

# b Capncorni 
0 Aquam 

5 

3 

4 

5 

3 

317 J2 S0,o 

318 12 28, 0 
318 13 48,4 

318 45 3,0 

3 1 9 43 3 /, 8 

5 °, 30 

21,29 

5 I , 7 I 
5 1 4 6 
47 43 

1o,-a 

- I »-4 

51.58 

5 r »3 8 
47 , j 7 

I0 7 5 o 30, 7 
-b 25 26, 7 
■>: *6 8,4 

na S o 16,0 
96 36 50 8 

1469 

14,9a 

* 4,93 

l S>°S 

1 5 >v 7 

14,8a 

* 4,97 

15,00 

15,18 

15,38 

336 

337 

338 

339 
_ 34 ° 

• t Capncorm 
^ £ Aqurni 

e Cygrn 
(3 Cephei 

* y Cipncorm 

4 

5.6 

4 

3 

-1 

54 , 7 

3*i 14 24 0 
3 *i 14 34 >o 
3 * 1 2 13,0 

321 41 a6 0 

50,65 

47.89 

33 , 6 o 

12,49 

49.89 

50,55 

47.83 

33 68 
I-,— 9 
49 . 8 i 

no 31 39 , 5 

9 8 55 *, 7 l 

45 -7 38,1 
*Q 29 22, a 

I0 7 4 , 58,5 

‘ 5,53 
^ 5 , 6 t 
15 6i 
15 63 
* 5 , 7 ° 

1 5.65 
I S»7» ■ 

1 5 j 7 — 

15.66 

15 8- 

ili 

16,18 ’ 
16,36 

16 ,1 

34 1 

34 * 

343 

344 
343 1 

* k Cipricomi 
■ x Capncorm 

* J Cipncorm 

2 9 Cygrn 

1 f* Cipncorm 

5 . 
5 

3 

5 

_ 5 _ 

322 18 2j, 0 
3*3 -3 57,0 
3-3 -6 46 3 
524 .,9 n,o 

1-5 * 44,4 

si 

49 62 

3*9* 

48,93 

50,27 

48,49 
49,53 
33 , h 
48,05 

ro 9 56 48, 1 

10- 27 37 7 
T07 12 12 9 

4 1 47 33 7 
ro 4 40 7,9'' 

15 b 4 

16 07 
l6,0§ 
16, g 
16,4c}. 

346 

347 
34 & 

349 1 

350 ' 

0 Aqtr'im 
a Aquaui 
Aquuu 

* 35 Aquaru 

* 9 Aqniru 

5 

3 

5 3 
5 3 

4 3 

1-7 43 23 5 
1*8 -j 46, 1 

|9 j* 47, 5 

ta8 56 50,0 , 

(3 l a 16 2 , 

4654' 

46,20 

48,74 

49,6a 

47,46 

46,50 

46 16 
48,67 
49 , 5 * 
47.38 

•v 

93 18 12 31 
91 a8 32, 8 
105 1 a-, 8 

too 41 p, 4i 
90 58 6, 0 

16 92 

I 7,°4 

17,0^ 

f 7 5 t - 

17,01 

J 7 »* j» ■ 
J 7 ,ij 
t /,-4 
17,60 
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This catalogue of the right afcenfions and north polar diftances of 389 
^ns, deduced fiom the obfervations of Dr Bradley, is taken frotn the 1 ^ 

volume of his Obftt j/iUons, publifhed by Dr Hornsby It was firft puntc 
in the Nautical Almanac for 1773, but Dr Hornsby ie published it wit 
con eft 10ns, lor the moft impoitant of which, he has aligned the following 
reatons 


2 1 Ceti The right aftenfion and polar diftance of this, ftar were both 
feulty The foimer was deduced from the apparent right afeenfions found m 
1751, and corned on by preceffion to 17 55 only the litter was the mean 
polai diftance for Januuy 1, 1758, ind was deduced horn fix obfeivations, 
the diffidence of the extremes amounting only to 4 ,3 


4 & Andrmedt The polai diftance of this ftar was, through miftakc, given 
foi 1/5& 

ro e Ptfctum The polar diftance fhould have, been one minute gieatci 

the miftnl e was committed in leducing the obfeivations of Decembei 31, J 753 * 
and Oftober a&, and Novembei 18, 1754 


BAn&med* Having reafon totbelieve the light afeenfion of this ftai to 
be faulty, I reduced the obfervations in 1756 and, 17^ and was enabled to 
apply the correftion 

, , 1 CO, The citdogue he. e, ■« fi.ft fight, era erroneous 1 he polar 

difru ces wcie computed tw.ee from the fame ,oW««Uons, 
and 26 of 1 7 ta, ind Januaiy 3, and 25, of the following yen, but morn 
tiuly m the fccond inftance if we except a mtftake of 3 degrees committed 
Oy the computer, in writing down the reduced zenith diftances n t e ormei, 
it may be obfeived the pieceffion was applied for feven years mfteod of fix 

^ zgCti A fault was commuted in applying the preceffion foi fix yeais 
jo this ftar, by writing 9", 9 mftead of 99", 8 mi' 39", 8 

o 7 teat The obfervations of Tannaiy 17} 1733, and of January 13, 
17 fc ofluming the right afeenfion of Atdebaian, and of » Ononis, a lcLtlcd 
iy Dr Bradley, give the fune right aftenfion exaftly, the extreme ob«ei 

vations differing oi^y 4 


Vol II 




17 


f 4 i iti 



[ 490 ] 

47 e Artetu The nght afcenlion of this ftar was conetted by thn,e obfer- 
vations ia 1752 

r ' 

48 y Per Jet The pfeceffion applied was one minute tqo little 

57 f Taurt The right afcenfion of this flu was corretted by the obfei va 
tions of Febiuny i&, 1753, of Januaiy 11, and Decembei n, 1754, and of 
January 22, of the following yen 

17 Pridaui A miftoke was committed in applying the abenation to 
the obfeived zenith diftances, and it appears, fiom a loofe papei, that the light 
afcenfion had been determined to be 49 41' 48 

79 2 8 Taurt The afcenfioml difference of this and the preceding ftai, 
as given by Mi Zacii, p cxliii muft be faulty By the obfeivations of 
January 7, and December 26, 1734, of January 22, 1735, of Februaiy 8, 
1756, and of Januaiy 29, 1757, the mean of the afcenfional diffeiences is 
So 7 °f tune = i' 20", 35, if the obfemtion of January 22, 1753, be conetted 
by reading i h 15' 4^0 mftead of i k 15' 5',o, and the obfervation of Ja 
nuaiy 29, 1757, be diminifhed by 1 By my own obfeivations in 1779 tjie 
afcenfional diffcience was 4 ',43 of time= 1' 21" 43 By companng thefe two 
ftars with Aldebaran On'Ottober 13, 1753, and on Januaiy i> and 3, 1734, 
and offuhung the place* df Aldebaran as ufed by Dr Bradley himfelf (fee 
the afcenfional difftiences), I find the Tight afcenfion of the foimei = 63 43 
18", 7, and of thehttci 63 44' 47^3 on January 1, 1760 and by my own 
obfervations 63 43 26^,6 and 6 0 44 49", 5 It muft be obfeived that 

the obfervation of Ottober 15, 1753, appears to be fiulty, an enor of x' 
having been committed in the obfervation of 2 0 

84 » Tam I found* by fcveral companfons, that the right afcenfion of 
this ftai v is to be diminifhed by 1 5 ,3 

104 7 % Ortrns An examination of the feveiol obfeivations o* tins and 
the following flai fhows, that the nght afeenfions weie very neuly detei mined, 
if that of februaiy 1, 1752 be excepted, where the ftar marked 2 % fr&Cedingl 
* Onomfe, with t diflerende of 2 2",66, is Flamstekd 91%, and was ob 
feived as fuch December 29, 1752, and the preceding ftai is perhaps,*tlu. " 
22^d of Mayrp s catalogue The error is therefore piobibly n tlie polai 
diftance of 2 and upon reducing the feveral cfbfen ations, I find the polar 

diflance of 2 as given m the catilogue of 1773 to belong to FLAMsitro s 

4 


4^, the right afcenfion of which has not been calculated The order in 
which the zenith diftances weie obferved (fee the obfervations of January 18, 
i754> where the book of obfervations is exactly copied, notwithftandmg the 
obvious enor committed m the cafe of this veiy ftar, and -}lfo of February 15 
1754 ) P rove ^ at the nght afcenfion was gieatei than that of » Ononis, and 
veiy nearly the fame with that of h Geminoium on thefe two days therefou, 
for 2 x we re ^ 3 X Ononis 

I fubjoin the right afcenfion of 3 x> and alfo die polar diftances of 3 and 
4X» leduced to January 1, 1760 1 


3 v Ouonis 1 6 1 87 25 3,3 I 53,25 1 II 6 9 5 * 4^5 [ °> 9 ° [ 0,69 

4 x Ononis | 6 J — — — | 53,08 | 5.5,09 117° I 9 4^,i 1 °,68 \ 0,47 


129 v Gemwoium Having compaicd this ftai with feveral pnncipal ftai 
©bfeivcd on the fame day, afluming their places as determined and ufed by 
Di Bradley lumlclf, I find it 3 right afcenfion to be 


Horn the obfervations of 1751 

, W 
J 754 
1 755 
* 75 6 

By a mean 


no* 16 3 3*, 9 
no 16 38, 9 
no 16 30, 2 
no 16 j2, 4 
no 16 35,1 

116 16 34, 1 


enor therefore of i ; was committed 


i ^ 10 Lems The right afcenfion and polar diftance of this ftar, aa 
gi\en m the catilogue pubhfhed in 1773, weie deduced each from one obfer- 
vation only and from the fituation of the ftai, I conjedtured that the nght 
afcenfion belonged to 10 LeoniB mmoris, and would, perhaps, have been exadt, 
it the pioper conedtions peculiar to that ftar, for preceffion, abenatiop, and 
nutation bud beep applied The obfervations of the 19th and 28th of March 
ind of the 12th of April 1754, prove 10 Leoms to be the fame with the firft 
of the Sextant of tdnvi Lius, and the fame conclufion may be drawn from 
the Bntifh catalogue The zenith diftances both of 10 Leoms minora, and 
10 I eoms were ^obferved onlhe 12th of April, we are enabled therefoie to 
determine the place of each ftar 




168 37 S ext units. 


J 


t 49* 3 

<T 

168 37 Se\ taints In computing the polar diftance, an error of 1' was. 

committed <- 

194 n Fug mis The polai diftance of this ftar is evidently too gicat, and 
the obfeivations of Maich 9, and May 4, 1754* ena ble us to make the cor 
lettion, for on-tholj? days, the ftars n and n Vuginis were both obferved, and 
their fituation is fo neirly the fame that the diffeiences of the zenith diftanccs 
need only be applied to the calculated polai diftance of « 

208 2 1 Fit gms The erior of 1 in the light aCccnfion was probably com 

nutted at the prefs, and alfo of the letter of reference 

223 4< Libra By computing the ^bfervations of June 7, and 19, 1755, 
and of May 16, 1756, I applied the coireCtion 

mm 

253 f I D) acorns The right afcenfion of this ftar was unquellionably 
Tiulty The obfeivations of July 3 o, 1755, and of Maich 1 1758, enable 
11s to make the cone&ion I fufpeCt that the right afcenfion fit ft found wo, 

*55 5 49 

333 C Upucotm In leduung the right afcenfion of this ftar from 1755 
to 1760, die pieceflion ufed was 10" too fmall it ftiould have been printed 
therefore jii 13' or more 5 1 > 8 

360 1 r Aquartt The obfervations of September 28, and October 3, 

1753 do not juftify the application of any correction to the polai diftance of 
this 01 the following ftar 

388' * Anchomdx In reducing feven obfeivations of 1733 the rcfiaClion 
■foi 3j 44.'’ was applied inftead of 23 44 a collection theiefoie fbi the polai 
diftance was neceffaiy 
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M Dr n CAILLE’s CATALOGUE OF ZODIACAL STARSi 


Numb 

of 

Stir? 

Nt ica 

f the 

Comtell^Uoi 



right 

Asceniion 

11 Degieoi 

An mnl 

Van it 

+ 

R ght 

ABcennon 

m T me 

Deelmitio 

Annuli 

Vir ition 

D M 

e 

H M 8 

D h 

b 

36 

8 

39 

40 

IjAW 

m M n^gf 

1 

3 

6 

3 

5,6 

aS -i r 3 , 5 
ac -C 17, b 
-6 8 10, 5 

-7 a8 40,6 

38 31 33 4 

46,50 

49 30 

48,85 

46,35 

49.94 

1 41 35 

1 41 41 

1 44 33 

1 49 SS 

1 S 3 -7 

2 i 15, 8N 
19 39 6,3 N 

16 39 41, 3N 
1 37 16, 4N 
21 31 24 4N 

H 

H 

H 

- 

1 

-i 8,347 

-l8 32 

-18,-3 

-r8 5 oi 

_r 7,88 

4 1 

4a 

43 

44 

4 5 

Ceti 

Anetu 

Ceti 1 

I 

2 

6 

6 

6*7 

6 

a8 -9 34,3 

39 44 33 4 
-9 SS * 7 ** 
3 ° 4 3 r 9 

30 8 31, 7 

So, 01 

47 Si 
49 , «S 
4«.73 
47 57 

1 S 3 58 
1 58 58 
1 59 41 
- 0 16 

3 0 34 

22 20 32,3N 
7 a7 36, gN 

ao S 47, 5 N 
14 10 7 BN 

7 44 8,aN 

+17,86 

-t 

+ i/,6i 

£63 

46 

8 

49 

5 ° 

Anetis 

Get i 2 

Ceti 3 

Anetia 

9 

i 

i 

| 

3 1 16 33, 8 
33 3 4°, 3 

33 43 S'*, a 

33 SS i 9>6 

34 as 30 8 

49.74 

f 8 .°3 

48,00 

47 . 6 s 

50,04 

a £ 6 

a 12 15 

- 14 SS 

a 15 41 
2 17 30 

18 48 io } gN 
9 32 13 2N 
9 9 47, 1 N 

7 34 49,0 N 
18 48 i,oN 

+* 7,38 

4 17,07 

+ 16 91 
+16,00 ' 
H 16,82 

1 

Ceti 

Anetis 

f 

P 

f* 

3 S 1 1 a 

3 S S 3 S. 7 

3 5 S 7 44 a 

36 aa 41 S> 

37 s 7 » 9 > 0 

49>°7 
4/. 13 
48,60 

■S °7 S 
S-. 81 

a 20 4 

a 23 34 
a %z 51 
a aj 31 
a 29 9 

13 59 6,iN 
4 3 39 , 6N 

11 a6 43 8N 
30 ss 51 S N 
8 39 s 3 N 

j 

1 

H 

"l6,69 

-i 6,53 
-16,51 
-16,43 
-10 (, 

56 

9 

8 

Ceti 

Ccti 

Arietta 

Ceti 

y 

p 

3 

6 

7 

4 

37 »7 S 7 1 
37 47 J4.6 

37 S 4 38,3 

38 a 4_, 8 

38 3 S 8 S 

48.18 
46)80 
49.36 
48 ,/I 

4 8 .1 9 

a -9 S 
3319 
3 31 3b 

- 32 I 1 

a 32 16 

9 13 4S.3N 
3 14 6,jN 

1 1 18 15, 4 n 
11 aC 40, 8N 
9 6 37, 7N 

- 

^-16,21 
>■10,14 
-16,1- 
-16,09 
-i 6, 09 

61 

63 

63 

64 
’ 6j 

Anetis 

z 

W 

? 

6 

6 

6 

6 

67 

38 30 57 7 

39 3 13 0 

39 3 8 13 0 

40 6 51, s 

40 39 37 7 

S°,ia 
49,94 
49 , 4 1 
5 °,I 3 
S037 

3 *5 - 4 

? 36 13 
^ 38 33 

3 41 47 

a 4 39 

17 17 31, oN 
16 a8 24, 5N 
14 6 Oj2 N 

16 | .6 1 oN 

17 ai $6 iN 

+ !S, 9 a 

+ 15 88 

+ ^,75 
+ H 37 
■H*S r 3 

66 

S 

69 

TO 

+* 

Ceti 

Anetis 

e 

6,7 

67 

s 

4 

4 ° 4 8 40 

41 10 7, 1 

4 i -7 13. S 
41 47 10 fc 

41 50 30 , C 

50,33 
5°»93 
5 V 4 
48 06 

So, 3 V 

3 43 13 

3 44 40 

- 45 49 
a 47 9 

3 47 3- 

17 4 22, -N 

179 43 o,oN, 
10 33 *4 3N 
36 oN 
17 3 3 gN 

+ 'S 49 
d **5 41 

H IS 35 
+ ! S 3 7 
+ iS %6 






































/ 


t 497 ] 


M Db ia CAlLLE’s CATALOGUE OF ZODIACAL STARS 



























































[ 49 « ] 


M Df i A CAILLE’s CATALOGUE OF ZODfACAL STARS 
































[ 499 I 


M Dm CAILLEi CATALOGUE OF ZODIACAL STARS 
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m de la cailies catalogue oi zodIacai stars 
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M Dni CAII LE’s CATALOGUE OF 2 


Numb 

of 

Stan 

Nome* 

of the 

Constellations 

p 

* 

B 

t-i 

p 

Mi 

a 

1 

Right 

Aiconaio \ 

in Degrees 

Ai ual 

V^i at 

+ 

Right 

Aacei 1 

n T m 

mi 

■ 

( M 

35 * 

35 a 

353 

354 

355 

4 

Scol pioius 
Libr© 

1 


6 

4 5 
3,4 

5 

3,4 

331 33 It f 

333 6 46 8 

aaa 35 35,4 
aa 3 a 3 - 7,9 
3-4 43 5 , 0 

48,58 

47 93 

53.31 
49,97 

51.31 

14 46 

14 48 
H So 
14 S 3 

14 58 

356 

$ 

359 

360 

a 

Libia} 

1 

1 

$ 

c 

6 

3 

7 

4 

6 

a -4 59 4 1 , 9 
{ S SS, 3 
-6 58 S3 1 
327 s 36 8 
38 45 39 , a 

51,17 

48,36 
So 04 
48 70 
50,49 

H 59 
IS 4 
l S 7 

15 11 
15 15 

361 

363 

363 

364 

365 

3 

4 


6 

4 

4 

4 

4 

39 41 53 8 
3-9 s 5 18,9 
a 3 ® 55 » 8,9 
333 8 47, 0 

333 43 30 , j 

5 », 50 
50,81 

49,39 

51,60 

50,44 

1 5 r 7 

15 19 

iS 33 
15 a8 
15 30 

366 

$ 

369 

370 

| Scoipioma 
Libns 

1 

H 

4 

4 

4 

3,4 

4 

* 3^55 58,4 
a 35 7 la, 1 

a 35 38,3 

236 10 16, b 
336 is 58, s 

53 ,oi 

5 ° 90 
55 ,i 9 
53,74 
50,33 

1 5 39 
15 40 
iS 4 

15 44 
45 45 

■ 

Scorpioms 

1 

2 

i 

r 

a 

6i 

V 

3 

45 

«> 

5 

5 

336 37 13 , 7 

37 5 8» - 

337 57 J i, 7 

338 16 30 j 
338 »4 57,3 

5 ,94 

1 - 9 * 4 * 

53,09 

5 , 4 o 
53,48 

1 5 46 
15 Si 
i 5 5 1 
iS 53 
i 5 53 


Strpcntia 

r 

I 

4 

3,4 

5 

_£ 

339 38 4,7 

341 4 1. 1 s, 1 
a K» 3t 48 , 1 
243 s a 58,5 
3-13 3i 33 l| 

5 ,09 
54 43 

5 ,47 
53,74 
51,98 

57 
16 6 

16 10 
16 1 r 
16 13 

381 

■83 

383 

384 

3 « S J 

Antores 

Scorpioma 

■— pf*. - . 

a 

9 , 

T 

I 

,4 

5 

3 » 4 

6 

343 45 38 , 

344 45>3l 

344 33 35*8 

345 19 3, ,3 

347 0 18, s 

1 

54,93 

5 1 ,*! 

53 ,i 3 

55,77 

5 r «94 

16 IC 
16 17 
16 18 

l6 21 

16 a8 
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M De ea CAILLE’s CATALOGUE OF ZODIACAL STARS 


Numb 

of 

St 118 

Nim« 

of tllO 

Constellations 

td 

¥ 

e 

B 

K 

0 

l 

Rght 

Ascension 

n D g eo 

A nual 

Va at 

+ 

Right 

AKonsUn 

1 T mo 

De linat on 

Annual 

Va lat on 

d i t 

a 

M 

SMS 


491 

49a 

493 

494 

495 

3 

Pifcium 

t 

K 

0 

5*6 

5 

346 40 56 0 

347 5 45 » 1 

348 43 19,7 

349 0 S 8 , 0 

349 ai 54»7 

470a 
45 88 
46,30 
45)87 
46,34 

33 6 44 

33 8 33 

3 3 14 53 
33 16 4 

33 17 38 

10 53 ao,6S 

4 6 92N 

0 1 37 iS 

5 5 3 i SN 
3 19 34,0 S 

7 I 9 » 4 1 
+19 45 

lit 

- 19,6- 

496 

3 

499 

500 


1 

6 

6 

6 

6 

5 

349 58 35>8 
35 ° 3 i 4)8 
35 1 6 6, 1 

35 i 58 5)9 

35a 30 $6, 1 

46 33 
46 34 
. 46 10 
46,00 
46 l8 

-3 19 54 
33 33 4 

33 34 34 
33 -7 S 3 
33 30 4 

2 22 {I 9S 
2 32 34 6S 
0 48 2,5 N 

4 21 22 9 9M 
0 29 16,1 M 

-19,67 
-1970 
+19 75 
+19,80 
+1983 

5 °i 

50a 

' 503 
504 

S°S 


I 

5 

S »6 

6 

*1 
5 ' 
5 

5 

5 

353 35 56)5 

353 57 5 8 , 3 

354 13 8, 7 

354 - 1 3 °) 3 

355 13 49)6 

46 II 

46,35 

40,30 
46 30 

46,33 

a 3 34 2 4 
*3 35 5 a 
23 36 40 
23 37 26 
23 40 51 

a 11 6,8N 

4 3 5 3 , 5 S 
O 13 21 iS 
0 13 23 oS 
4 -7 37 4 s 

+ I 9, S 3 

-1990 

-I99I 

-J 9,95 

I 


355 *5 48)4 
Sis 6 39 4 °) * 

3 5 6 48 53)6 

357 -6 46,0 

357 38 36)7 

46,18 

46,3a 

46,10 

46,38 

46,3a 

t 

0 47 6 9N 

4 S 1 376 S 

5 33 55 , SN 

4 30 I, 4 .S 

7 19 r < 4 , 3 s 

+ I 9>95 
— 20,00 
+20 OO 
— 20 02 

— 20 02 

1 

2 


S> 6 

4 

357 37 34)4 
sS 7 V> ) 9 
35 ® 15 3 5 ) 7 

358 19 4°> 3 

359 3 47 ) 9 

46,09 

46,13 

46,33 

46,37 

46,33 

33 s° 3 ° 
33 50 40 

33 S 3 3 
33 S 3 19 
33 p 11 

7 10 SS,6N 

6 31 3,3N 

I 48 27,8S 

7 1 22,1 S 

3 4s 37,08 

+- 0,03 
+ 0 02 

— 20 03 
“-0 04 

— 20,05 
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M De la CAILLE’s CATALOGUF OF THL PRINCIl’AI S1ARS 


— 1 — 

Numb 

of 

Stars 

Nirae* 

'i dll icei 

f the St'ue 

s 

3 

Oi 

Cl 

Right 

Ascension 

in D g ces 

r j it 

A bio aion 

in T me 

Anmnl 

Vimt 

b 

Decimation 

Annu il 
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THESE Catalogues of M de la Caille weie taken fiom the Ep//etvtriJi,j % 
des Mouvemens Celejles, fiom 1765 to 1775 The light afcenfions in the fecond 
Catalogue were determined by taking equal altitudes with quadiant of 1/irce 
feet radius , but this method of deteimining the light afcenhons is kfs exaft 
than that by the tianfit mfhument The dechnations in each Catalogue wcic 
deduced fiom the meridian zenith diftances obferved with a quadrant of fix flei 
radius The light afpenfions m the firft Catalogue were fetded with a tianfit 
infirument, by companion with the ft us in the Fundomenta Aftrottomtce , but 
the right afcenfipns of the ftars in the Fmdamenta Aftronomue having been fettled 
by equal altitudes, the right afcenfions of the ftars compared with thefti muft 
be fubjeft to the fame maccuiacy 
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ZACH’g catalogue of the principal siars 


Numb 

of 

Stan 

NamM 

and Place* 

of tlie Stof* 

s 

•3 

l 

Rigl t 

Aicemion 

inTimo 

An mil 

Vai at 

+ 

Rglc 

Awensioa 

m Degrees 

An 7 l 

\ imt 

+ 

1 

Decl nit 0 1 

H M 

1 

d li s 

• J 

r m 

i 

a 

3 

4 

■ . 4 L 
6 

5 

9 

IO 

88 y Pegajt 

8 1 Ceti 

15 k Caffiopei© 
ly i Caffiopeia 
31 } Andromeda; 

a 

3 

4 

4 

3 

0 a 56,79 

0 9 13,51 

0 at 45, ia 

0 ae 53,93 

0 a8 39,0- 

3,063 

3.059 

3.301 

3,a6a 

3 161 

0 41 II 85 
- r8 22 66 

5 26 16 75 

6 28 01 

7 9 45 j 1 

45,95 

45 89 
49 , 5 1 

48 93 
47 , 4 a 

14 4N 

9 57 s 

61 50 N 

53 49 N 
-9 45 N 

18 m Cafflopens 
16 0 Ceti 

24 y> Cafhopeiss 

63 Hifcium 

27 y CaiHopei'c 

3 

*i 3 

4 

4 

3 

0 29 14,40 

0 33 31,83 

0 37 1,44 

0 38 19,08 

0 44 44*75 

3 * 3 *i 

3,001 

3 389 
3»093 

3 S05 

7 *8 3595 
82 57 ±0 

9 15 21 04 

9 34 46 15 

11 11 11,-9 

49,66 
4501 
50 83 
46 ,0 
53 58 

55 a6 N 

19 5 s 

56 46 N 

6 30 N 

59 38 N 

11 

12 

13 

H 

*5 

71 Pifcium 

43 0 Andiomed® 
338 Cnfflopeiw 
86 (f Piicium 

37 J C iffiopeiec 

4 

2 

4 

4 

3 

0 5a 33,95 

0 58 34,-3 

0 59 0,22 

1 3 16,99 

I 12 50,Jb 

3,103 

3, *97 
3,531 

3,109 

3,761 

13 8 29,20 

14 38 33 38 

*4 45 3 33 

IC 49 I48O 
lb 1 38 70 

46,55 

49,46 
5a 96 
46,63 
56,42 

6 49 N 

34 33 N 

S 3 3 j 

6 31 N 
<,9 11 N 

16 

\i 

19 

20 

98 f* Pifcium ' 
102 ?r Iifcmm 
to6 v Pifuum 

1 10 0 Pifcium 

4; Cafliopeim 

5 

5 

4»5 

4,5 

3 

3 

3.4 

4 

3 

L 

1 19 4a, 07 

1 30 30 70 

1 31 i,77 

1 34 5 °» 7 - 
1 40 tooi 

3 108 
3,164 

3 107 

3 H 4 

4.155 

i 9 55 31 07 
a- 37 40 56 
— 45 26 6- 
a3 4 4084 

»S - 30 13 

46 6- 
4, ±6 

46 6l 

47 J 6 

6a ,3 

S /N 
li 7 N 

4 2b N 
b 9 N 

6. 41 N 

44 >jO 

50 68 

48 87 

49 ! 5 
49 (y I 

S 4» a 3 

50,0a 

; 49 6- 

11 .oS 

8 36 N 

18 19 N 

19 50 N 

37 N 

41 fN 

- 3lN 

18 ^8 N 

1 41 36,69 

1 41 4a, 74 

I 43 34*5 

; * 

,953 

3.379 

3 258 

3 , 77 

3 * 3 T 5 

-5 “4 IO 33 
45 ac 41,15 

-5 38 37,/3 
25 54 u ±B 

to 41 1 83 

2 

2- 

n 

-4 

2? 

55 <? ^ ttL 

2 aTnang bor 
j yi Anon* 

0 0 AneUs 

9 Anetu 

26 

27 
26 

29 

30 

^7 y Andiomeda 

* pxc et T 

13 » Jtteiu 

* foq <* r 

a- $ I Alictlfi 

, a 

a 

5 < 

1 51 41,05 
1 50 a6,i q 

1 55 55 ~7 
1 59 38,13 

i 1 1*64 

3,6iS 

3 335 

J} 3 o3 

a 7 55 *5 76 
-7 36 3- -5 
at, 58 49,05 
9 54 3 i ,95 
31 45 <■ 55 

31 

3 a 

33 

34 

35 

1 6l) 0 Ccti (v*u ) 
4a * Anctis 
*3 «r Arittis 

8a i Cefr 

83 1 Get* 

°6 

6 

3 

3 

2 9 * 4 * 7 ° 

38 9 * 9 

40 0)09 

~ 9 l 4* l 1 

a 9 53 > 4 * 

3 ,° 1 9 
3,3 1 
3 a< JS 
3,060 
2,884 

18 40 5c 

39 3 *9 3* 

40 7 1 35 

37 *8 3 3 i J 
37 b 1 3 . 

» 43 9 
. 49,8 1 
) 4.9 8 

1 - 43 9 ° 
f 43 * / 

3 54 b 

16 38 N 

I4 ijN 

0 j 3 s 
| 1 44 3 


n 


r 




: ] 


ZACHs CATALOGUE O T THE PRINCIPAL STARS 


Jaimes 
-in 1 I 

of Lho Stars 


86 / Ceti 
89 r Cctl 
39 T L1I11 bor 
41 T Lilu auft 
4 ^d ^ a Anctis 


41 46 ^ 3 Aiietia 

4a 3«isndani 

43 48 Anetu 

44 13 y Pufei 

45 9 a Citt 


46 * Icq or Ceti 

47 26 f I ulei 

48 57 J Anctis 

49 58 £ Anctis 

50 13 £ T udini 


51 161 r 1 Anelis 

5 - 

<J3 (63 t % Arictia 

54 

55 


34 y Kudam 
37 a Taun 


6? ft 1 Tiun 
67 k Tiun 
74 Tnmi 
77 9 1 laun 
i b S a J\un 


Rj ht 

Anmnl 

Ascension 

Vimt 

1 Time 

+ 


2 32 57,18 

3,102 

2 34 36,02 

- 849 

3 35 57,70 

3,521 

3 38 14,43 

3 489 

2 44 3505 

sr 344 


a 40 39, 7» 
2 48,1- 

2 30 24 4 a 
2 51 5007 


in Dogieoi 


38 14 17 76 46,53 

38 39 0,-9 42,74 

38 59 25,49 S- bl 

39 33 30,49 5-»34 
41 8 54,7- 50 16 


41 17 20,19 5 0 , 10 
7 b 43*75 


47 25 34,39 


3 23 3 i, 5 - 
3 2& 44,93 
3 35 3 7* 1 7 
3 4 1 35,20 
3 44 - 9» I 9 


3 49 42,25 

3 52 53 46 

1 - 8 3523 

4 11 2468 

4 1* 34*93 


\ 13 2766 
4 *3 13 

4 16 56 98 
4 J 7 9 > 3 ° 
4 17 * 9 >S 3 


DecUnatioi 


a8 ac N 


18 <;8 N 

20 18 N 


20 ac N 
8 N 
1 N 
S N 
12 15 N 


10 9 N 

47 6 N 

23 -9 N 
31 17 N 
30 N 









































T 5*7 1 


ZACH's CATALOGUE OF THE PRINCIPAL SlARb 


grafts 
d I hew 
of Lho Stan 


Tight 
Alee won 
in T me 


Ai n i il 
\ aint 

+ 


R gl t 
Aac non 
in D g m 


Am 'll 
V uiit 

“* H 


% 

Declim io l 



« 






























I 5*8 j 


BACH’S CATALOGUE OF THE PRINCIPAL STARS 


i n (xi 
f th Mi a 


Right 
^ onuon 


6 a f* Came my 2 0 6 55- y6 ,0^8 

7 18 f Geminoinm 4 6 17 5,^ 3,56-, 

8 24 y Gumnotum ,3 6 s>6 935 q 463 

109 27 Gcmmoram 3 6 31 ,7,3^ 3,695 

no *pi xc *Can nnj 6 29 41,80 


55 5 Geminoium 3 
3 /? C inib nun * 

^ pi xl a G min 
n 9 66 £ £iy 7 « 1 , % 

iao * fiq C unin 


13 1 |&9 v Gumtv>rum 4}5 

* pi * C in min 

1 o ProcjoH 1 1 3 

* feq Lin mm 

,8 i c///m? a 


* feq 0 Gtmin 
10 p st Cantn 
14 )/ 3 Cancn 
i 7 £ Cincn 
3 1 5 t men 


53 u Cancn 
4 3 Hydrse 
43 y Can 11 
47 Cmcn 
1 1 1 IIydr«e 


7 8 100 ) 

7 16 iS,oi 
7 16 1166 
/ -1 40, b 1 
7 -/ 4 ,a f. 


7 -3 34 !+ 
7 a( 5 ,4°>-7 

7 20 '49, 10 

7 30 »7,ia 
/ 33 3 *i8 


8 44 48,86 3,187 

8 44 59>39 3 *9° 

b 47 31,82 3292 

8 5 6 S4 33 3 -63 
8 S7 S°t 37 3»47® 


D cl ItlDl 


16 26 s 

28 43 t - 

0 51 N 

6 f 6 


27 N 

S 44 N 

8 30 N 





























[ J* 9 ] 







































[ 530 ) 


r 


ZACH’s CATALOGUE OF THE PRINCIPAL STARS 
































[ 53i ] 


I 


ZACH’s CATALOGUE OF THE PRINCIPAL STARS 


Numl J 
°f 
SfcTI » 


Nome* 

\ l 11 ices 
of tl e Stan 


Right 
Aacoiuion 
m Time 


Ai null 
Variat 

+ 


Right 
Ascension 
in Degree* 


Annual 

Variat 


I Declination 


i 49 j Bopus 3 7 6a a > 

a i o Coron Bor 6 ij n 5 i 97 -> 

3 a » Coron Bor s is J 4 S 6 °5 ®» 

4 3 0 Coron Boi 4 i 3 19 34 »B a* 

5 13 yaUtfemm a 315 ai 1176 


| OS 

* feci * Seipent 
ag 0 beipontis 
32 ^ Seipentis 
a Seipcntis 


aa 6 io J t 
aa7 45 ?v L 
aa8 J § St 
a-9 6 r S 

a^o 


y Sup^ntii 

7 } Scotpu 

13 1 Coron Bpr 

41 . 9 r Supentii) 

8 0 Scorpu 


a 3 6 isSDncoim 
^37 14 Jbcoipu 
138 1 J Opluuchi 

a 1 Opfiiuchi 
40 20 y Ilercuha 


*S 4 1 Ia >45 
ij 41 44,86 

IS 44 33?34 
IS 4 6 4 6 »4J 
ic 47 0,91 


15 

47 

I2 ’93 

J S 

48 

31,89 

»s 

49 

i 8 ,J 4 

IS 

S3 

41,18 

IS 

S3 

49.7 1 


»i »j 936 

S3 x 
70 *» 7 S^ 
30 3» oa 3 
1,969 


i m 

s ns 

1 37,87 


16 4 N 
a 48 S 
5 6 N 


* 7**3 II 59 
31,96 
46,98 
47.30 
39> 6 3 



























[ $3* ] 


ZACH’s CATALOGUE OF THE PRINCIPAL STARS 


a$i 3 s *» OplunUu 
&S- * pi-tc a Here 
as 3 64 « lift cults 
-S4 65 J Ileiculia 
ass 4- 3 Ophiuchi 


a6i 60 0 Ophi chi 
3.62 6 a y Ophiuchi 
a 63 ry £ Sorpentifl 
o^OphTauPon 
-65 33yDuconi3 


66 loySayltiui 

67 bTanr Pomat 

68 p 1 SigittTru 
a ^9 1 5 ^ a Sagittal 11 
a 7 ° ,0 Sayttuu 


%yi aa x Sayttaru 
73 * pi sec a Lyisc 
3 V*g* 

f 4 * feq a Lyrne 
a 7 S -7 Sagiltaru 


Rigl t 
Aau n ion 
mT na 


Annual 
Vi lit 
+ 


Right 
Aaccoii n 
in D gree 


Annual 

Vniwt 

+ 


16 

a 3 

26,96 

3 > 7°9 

16 

a 6 

9 ts 

3 287 

16 

33 

45 6-1 

, 39 a 

16 

36 

3 .M- 

,046 

16 

5 

38 , 6 B 

a, 29 ^ 

16 

s® 

S 5 *i 5 

3.42+ 

*7 

5 

12,70 


*7 

| 

31.76 

2,726 

*7 

0 

494 1 

M <9 

17 

9 

44.25 

3 669 

17 

20 

-» 6 4 

4,057 

J 7 

-4 

4590 


17 


38,97 

.,768 

17 

29 

11 , 0 * 


!/ 


55.99 

1 34 ® 


r 7 

33 

35,77 

r 7 

37 

52,04. 

17 

49 

54,59 

*7 

5° 

37,47 

17 

5 1 

57,79 


18 IC 
iQ ab 

1 9 30 
i 8 31 
18 33 


d 

37 

42,87 

8 

4 

5 4 * 

8 

4- 

41 86 

8 

42 

S 1 |o 

8 

43 

V 3 


37,66 3,705 

40,13 

9,89 a,oa 8 
40,00 

9 39 3>747 










































e 


C 533 I 


ZACH’s CATALOGUE OF THE PRINCIPAL STARS* 


Numb tffftnea 

oF ^ and Phcea 
Sun X^oSUm 

\ 




Aaconsion 
AT ue 


Ai nuaj 
Vd^iat 


Hague 
Aacei npn • 
in Deg ^ea 


Declmatloi 






















# 


[ *34 1 


ZACH’s CATALOGUE OF THE PRINCIPAL STARS * 


and PI acta 
of tjjfl Stars 


Right 

Ascension 


Right 
Ascension 
in Degree 


Aiijpal ' 
Vanat 

E 

+ ,4 


Dofh latioi 


316 i r & yf 8a7Miyen 
3 8* Capricorn 

ji8 9 8 Capncomi 

319 37 7 Cygm 

320 1 z t Capncomi 


321 4 f Dolphin 1 

322 0 $ Dfilphmi 

323 -9 A Delphmi 

324 50 Dml 

323 * ftq * Cygm 

326 a 1 Aqnaru 

327 * pnoc y Delph 

328 ia y Delphuu 

329 52 1 Cygm 
33 ° 0 p Aqaam 

331 7 Aqtwm 

33a 23 8 Lapiicomi 

333 ijrAquam 

334 B » Equcjei 

335 3 a > Capncorm 


4,520 
3 20 
3 20 
1,220 
20 

4,520 
20 
3 20 

3 -0 

4 >J»o 

6 20 
5,410 
5 2$ 

4 21 

5 21 


336 4/3 Eqould 

337 Aquaru 

338 5 « Ccphei 

339 22 /3 Aqoaru 
34° 39 1 Capncorm 

341 t p Cfipbci 
34a 40 y Capnconu 

343 43 a CApncorm 

344 8 1 Pcgafi 


345 80 w 1 Cygm 

346 49 * Capjjgcorm 

347 * «Aqqar 

348 34 #| Jptarn 

349 48 y Aquarn 

350 5a w Aquarn 


3 « 
1 

3 11 

3 32 
4,5 22 


*7 26,45 

a S 57,5° 
a8 10,32 

30 20 76 
34 36,68 
4° **8,55 

36 50,38 

37 a *,94 

37 *2,96, 
3° 6,70 

4* 5*, r 7 

46 4,59 

54 39,75 
S 8 4 1 »#4 

5 4 8 7 8 

*2 5, 67 

« 57, 7^ 
13 *4,77 
*3 40,85 

31 1,12 

a 5 5#, #9 

#6 1,18 

28 59,14 
31 27,98 
34 »M3 

34 59*^3 

35 58,68 
55' 8,21 

55 *9*75 

11 >18,89 
15 4*00 


3,380 302 22 50,19 50,70 

3 337 30a 23 25,39 ,,0,06 

3,380 30a 26 #3,54 5°*7° 

a 148 303 45 39,39 3»,3» 

3*43° 3<>4 #i 30*7# 5i»57 

», 801 306 29. 22 44 43,01 

3,804 3«>7 * 34,74 4*>o6 

3,780 307 35 1137 4 

#034 308 39, 10,20 3051 
310 7 8 ,35 

3 355 309 ia 35 7a 48,83 

309 20 29,08 

*,783 399 #° 44*34 4i 75 

a »393 309 Ji 40*50 35,89 

3, #43 310 #7 47,61 48,65 

3, #55 3 u 31 8,80 48,83 

3,384 3i3 39 56,35 50,76 

3, #74 3i4 40 18,64 49* 11 

3,997 316 37 11,73 44,96 

3*355 3i7 46 #5>°° 5°*33 


318 14 
318 18 
318 36 

330 15 
3#i 38 

331 3ft 

j#3 14 

3#» > 
3*3 35 
a#3 44- 


#5*6# 44*7# 5 58 N 

41.53 $9**9 13 44 S 
43,69 31,40 61 45 N fc 
16,74 47*48 6 ^S 

4i34 5°*o8 20 2^8 


15 34 S 

13 33 s 
l 5 #4^ 

as#; 

14 o N 
13 55 N 

15 13 N 
44 34 N 


10 13 & 

15 35 N 
33 13 N 
9 43 S 

10 38 S 


17,76 13 33 
47. 1 5 49*93 


69 41 N 
17 336 
19 46 S 
, & 58 N 
5° 17 N 


3,310 333 59 4<^#5 49,65 
3#8 47 3 I 5» 

3,067 338 53 36,35 46,00 

3,094 333 49 43,35 4^1 

3,065 *33 45 ^9,98 £^7 




[ 535 1 


ZACH's CATALOGUE OF THE PRINCIPAL STARS 


^ 0 f *1 d Plafet^ 

v Star* PSj^he Start 


3 JX SS l Aquapi 

3S a S7 * Aqdafhi 
7 Laoata 

-^554 6a n Aqll&ru 
^T'r r* 6a ft Aauani 


k ( R,ght 

jAjcenaion 
jj 4 iR Time 


Right Annual 

AscentiDn * Vamt peolioation 
m DegToea + 


63 k Aquani 
3 S 6 43 *f Pe S ali 


4 aa 18 31 68 3»°79 334 37 

5 aa 20 a, 99 3>*86 33 S ° 

4 aa 23 7,01 -j43 j 335 

4 aa aj 4,50 3>°79 33 * 36 

5,^27 23*3# 3 ? I3 7 33 6 5 ° 

3 aa 31 29,06 a, 96 1 337 5 a 

I 3 i aa 33 37>®7 | 3 » 79 a 338 »4 

5 2a 37 4,70 1 3,197 330 16 


Si, 36 46,18 
44»84 47 79 
S 4» J 4 36,46 
8,78 46,19 
So, 67 46 76 


15 89 44, 7 a 
27,91 41 88 
10,57 47 nfi 
































/ 


/ 



r> 





'alogue • 



J 

V 


£-^SLI N ATI ON 

i\o, 

1 62 PRINCIPAL ^ 1 XED STARS, 



ANNUAL imn&PWNS 

ADAI i£D TO TUB BEGINNING Or TI^'yEAR 180Q 


I RANCISCO Dr 'ZACH 



/ 







\ 


Y y if 


\ 


A 




t 














































C $4* 3 


ZACH’s CATALOGUE OF THE DECLINATIONS OF T 
• PRINCIPAL STARS J 


m Dcclinetln AnpV 

Kimes tnd Pines f OT t ha Yev^ o ✓Var^iion 
of the Sr\ii \ ■■ 


't* 


0 Aqmlae 
0 Aqutlef 
JProtjon 

0 Ophmciu 

1 Vnguus 

3 Serpeutu 
* Ccti 

a C*U 

0 Virgin** 
0 Virgm* 


S 55 4{J^ V ' ^ 

4 ag ifRsr '*£fc| 

3 O u NV 1 + 3>97 ftj 


r 44 H 

4 39 4* 
4 a 9 *£ 

3 57 ia 
















•s CATALOGUE OF THE DECLlNATlgNS OF THE 
PRINCIPAL STARS ^ 


Places 



Vxi gnus 


DocUtntion 
for the Year x#oo 


7 47 S3 S 

8 a6 35 S 
8 38 148 
8 38 ao S 

ro 6 46 S 


10 6 4$ S 

xo 9 x S 
xo a 7 5 S 

ix aa 46 8 
xa a6 &6 S 


Annual 
• Variation 


} 


rapncorni 

O^KiQTffS 
a « Capuco^i 
| a » Caiucorm 
Lib] 

no 

I CM I c* 

^ 1 i Com* 

£ Cipricomi 


f^T “1ST- 

(S r 3 ; oS 


+ *Si al 

- 4,81 
+13,81 

— 48,89 

+19,01 

+ 8,01 
7i**99 
+*S 7* 
n *7>° l 


-19+7 


i^9 

100 


JJ^-io,so 

'I +x*,<S 3 


- 10,90 

J +ISH° 

+19,98 
~ *°*7 r 

H 4*69 

+ 5*33 
-17,14 

4 - 10,04 



▼ 



















1 




[ 545 

TN thefe two Catalogues, the right afccnfions and dedmations of the flars 

denoLed by 71 chiJU vme taken from Dr Itoiim » Catalog 

of fununnLal ftars, by a companion with which, “ * ^ 

ngbt afcenfions of the othet ftars, as given m the hrft ^^“gn^ by a mmn 

infbument eight feet long, made by Mi Ramspok In A r M , 3 n r LTna s 
ll e decimations, of the ftais whirn were not taken &«» D* Ma ®* 
Citalopue were computed from obfervations made by M Cassini at Paris, 
ITZ to" 1 7 oo, by a quadr nDof fix feet radius The variations m right 
afeenh / 7 u 1 declination wpe taken from Mi Wollastons Cataogu?, 
except thole of Mum and M to which are added their propel motions in 
declination, as determined by Dr Maskllyne 
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~6 63 
— 6 9 6o 
-6,44 


- 5 ) 83 
-5 76 


~4) 8 ° 

-4,6a 

-4,61 

“4»5 3 

-4)47 


-4)43 
-*.33 
-4,0b 
- 4.01 
-3 9- 


- 3.31 
-i »3 *8 

— 3 05 
- 3.00 
-3,91 
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d 111 00 
of the Sur* 


Awa Sion 
in pegrefc 


Am tul Right AnnTIiJ N rti poVu Annuli 

V*\i it I A«ei n 0 * 1 v at Distance I Ptwi-* 
4 - m Tipie + 

1 ^ __ 


c Ononis 4 3 *S 

{ Ononis - |j 3 * 3J 

7.8 83 137 7 

7.8 83 4 S iS 

83 47 S3 

y Lepons 4.3 ®3 55 

6,7 84 » o 

8 84 5 31 


*°“““ In it tt; 4 

Z x Ononis 5 ^ a 9 

a x Onom» , 7 ®S 37 3 ? 
e» OlUWB y_ B 5 |S7 v 
* 86 14 aB 

8 86 j6 a 

7 87 ip, “ 

6, / 87 4S 3 
4 % Onoms |S B 7 45 

h Gemmoiud 4 $7 g *3 

!««*•" 1 StS 4 ! 

7-8 89 13 >° 
89 n 45 

"* * yTi 89 *»6. 37 

6 89 S3 44 

Qeimaorfm 7 1 8 89 S3 49 

„ Geaunonim 4 9 ° 33 

* l 9° 37 

' ’ 90 s a *6 

■ 9; s - ;s 

, 4 91 38 4 

9i 39 6 , 


45 °7 
45 3° 

53 7* 
Ss>3 1- 

54 M 

S 2- 3S 
, 37 7S 
S3 59 

55 10 
49>4 a 

4 -o 59 
53.38 
53.38 
S3. *7 
48 60 


e _,8 13,0 3>°°5 

c 30 10,3 3 010 

5 3* 5 1 * 8 1 3*S I S 

5 34 *8 4 3 . 5 S& 

e <c a, 3 3.609 


nGccplDormn 


5 35 a >3 

S 35 “»S 
5 34 4»7 

5 3 £ S Ro ' 

g 36 0,0 

£ 36 »2r,I 

5 37 48.i 

5 40 51,0 

S 4i 57.3 
S 4- 30.5 
5 43 48,6 

$ 14 S7.S 
5 47 44 i 
S 49 Q 7 
S S 1 °- 
5 S 1 1 > I 

s fiI 

j jr o 

S SS 4.3 
< 56 S 3 .o 
5 j6 S9° 

S S7 46.S 
5 S9 34.9 

5 59 3S.3 

6 a i-,i 
6 a a 8, 3 


3.49° 

,a 5 i 7 

3.573 

3.673 

3> a 9S 

a, 83 9 
3.559 
3.559 
3.545 
3,340 


9a 44 a 
9a 3 59 
71 a4 S 
69 49 0 

65 a4 49 

79 at S3 

1 13 31 36 

69 13 5 

65 31 ii 

80 20 3 


99 45 *3 
69 45 57 
69 47 37 
79 1 8 36 

8- 38 5 ° 


-a, 11 

-a, to 1 

— a,oB 

— 06 


3 * 9 , ! 3»663 

4 9 7 3.656 

6 6 6 3.653 

6 33,3 3.649 

6 36,4 I 3.6+5 


64 5 ao 
67 7 40 
67 37 16 
7a 11 55 
70 J 9 ]$ 

66 44 a+ 

69 S a *9 

67 39 4 a 
67 47 33 
66 S* 5 

66 SB 37 

70 10 45 

67 3 34 
67 a6 5 a 
70 47 11 

65 58 39 

66 14 21 | 

66 19 5 1 
66 37 jo 
66 39 3a 


-1,3a 
— 1 07 
-0,96 
-0,79 
-0,79 

— 0.75I 

-°.7S 
~o.43 
— o 37 
—0. 7 

— 0,30 
-0,04 
-0,04 
4-0 19 

j °> aa 

+0,30 
+0,36 
+o,S3 
1 +0,57 
+058 


4 A 1 
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ind PJacea 
of tho Staia 


R gl t 

As bion 

n D g 0 s 

D 

M 


93 

20 

2 1 

9* 

ia 

5 

9* 

H 

5* 

9- 

33 

39 

93 

l6 

37 

93 

48 

5* 

93 

51 

46 

94 

7 

20 

95 

0 

*5 

95 

0 

4 1 


41 48 

23 34 

29 a; 
54 

3 * -9 


Asco is on 


6 8 40,7 

6 8 48,3 

6 8 S9>5 

6 10 146 
6 13 6,5 


101 37 15 55,67 
roi 58 S3 54.63 
10* a 4S 51,77 
103 34 3 54,94 

103 S 4 36 53,57 


103 9 46 54, 8 

8 103 31 10 53,37 

7 104 4 4» 51,69 

5 104 36 4 o 57,49 

6 104 S 4 54,83 


6 3- 47,3 
6 ftS 34,3 
6 35 57,8 
6 -7 37 3 
6 30 99 


6 31 o,i 

6 33 8,7 

6 33 30 3 
6 35 54 7 
6 37 55 * 


6 38 57 ,i 
6 43 47,4 
6 44 3 » 

6 45 a8 ,7 
6 45 5 °, * 


6 46 *9,0 

6 47 55,5 
6 48 u 4 o 
6 49 36,1 

6 51 38,4 


6 53 39 1 

6 54 4,6 

6 50 i«,8 

6 57 45,3 
6 59 39,6 


68 47 22 
68 43 23 

66 9 24 

67 *3 34 

68 15 16 


69 5 44 

69 S13 36 
69 4O II 

7- 5 16 

7 - 5 0 


An mi 'll 
P ece» 


73 38 47 
73 ^6 8 

| 73 35 8 

70 9 48 

73 9 48 

-K 99 

+-,“3 

+-,*6 

+ft, 4 i 

+*,63 

64 4 ° 37 
76 34 a6 

76 S 3 *5 
106 35 39 
76 21 30 

+ 2,70 
-1-2, 80 

+3 

+3 30 


68 <3 33 

76 34 10 
72 017 

71 50 13 

63 39 a 9 " 


63 48 ?9 
66 16 57 
?3 38 4- 
63 3° 1 

69 *8 11 
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MT MAYER’s CATALOGUE OF PRINCIPAL STARS 


pM >(, ’ 

V 

Nuttjj 

SL HI 

v 

'ini 1^1 \as 

of tho StaN ^ 

^ ’ 

4»i 

4»a 

4*3, 

424 
\ 4»S 

Sextnnfcia ( 
y Looms 

1 v Leonib 


Right 

Aicenuen ( Vanat 
li Degree* + 


Right Mnual I 

A ce sum VV at 1 
in Time "t - 


D M 


n 47)97 1/^HS } 7)S 3 ’*J? 

s 6 48,6c. 9 4VJ4 i4 3 9 43 

48 47 87 9 46X9,2 3 *88 

9 49 \2 3»i8 3 

** x. 1 .-.A Q C 3 aaV 5 04 . 


9 jfl ag\ 3 
9 S 9 96 


North polv Annual 

Dita co Prece 

% 


80 4 44 pa 
76 33 39 1 , *2 76 

80 41 av +16 77 
§c> — 5T- d +16,87 
^79 4 32 + 17 °- 


77 91 43 

0» j r* 


+ 1704 

































C f 5 6 * J 


MAYER’s CATALOGUED THE PRINCIPAL STARS 




i Nimoa K# 

** Ascei s on 
1 a d Places g 

tfti.uA £ uDesrow 


Annual 


Ajcenupn Varnt 

i 

m^hme + 




n./ 


North flw AnnnU 



Sextantis 


1 Looms 


i?8 38 48 

/» 8 *58 47 sy 

6 158 1.9 /6 

1 8 159 yfo 
'M s £59 X S 


*<> 34 3 ijy 

4 6 9r jo 35 iiX-Lx*^ 1 
48.00 yio 3 J 1 7.- TV 300 
46,96 V _j6^33^J? J. 13 i 
47.47 lS v#^v i«X|3,i6<; 


l6 \0S\ uyb 

10 


81 *,3 3, 8,67 

8 j. 31 + I 8 , 6 g 

71 4 a 3 J+1870 
»- 3 a S<S _ -f-T 8 73 
78 a0 48 +18,79 
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MAYER’s CATALOGUE^ 01 THE PRINCIPAL STARS 


Numb N lines 
of ind I'll €8. 

Stars of U a Stni 

t 


R lit f V i til'll 
Vflce iMon Van Tt 


J J 6 V i Virginib 
g Virginia 

S3 

•j^o co/ iigxms 
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MAYLRJ 


• 9 CATALOGUE THE PRINCIPAL STARS 


I R ght A in i 1 ^ |||. polaT Annual 

^ce « o V^n^t p 18 tance ; p KtJ 










t i« 1 

J ! • 

MAYER s CAIAI OGUE Of THL PRlNCIPAJL STARS mi 


N m S 
and llicei 
of tko Stiri 


Libn, 

£ Libi*o 


V £ Libia 
y Libras 


* Ri ht 
di Ascc s qj 


D * I 


RipI t A ink'll 

Aaca cm Vanat 

m Time 4 - 

• 1 


NoiLh p ih . 
DjfltTngr P 


A null 
I r*cu , 


Libra 

x Libia 

« Libras 
» Serpentia 
b Scorpu 

1 a Scorpu 
x Libia 

S Libras 

2 a Scorpu 

g Scorpu 
r Scorpu 
i]/ Libras 
I Scoipa 


i B ScoeT 
% & ScOjGil 

1 xS^fpu 

2 #^cdrpu 


1- 32-8 

4 -*2g 
2ag 
220 

1 22g 

7 

a 30 

230 
3 j 4| 330 

231 

8 231 

9 231 

5 231 
231 

7 331 


1 4^ 

6 38 

-5 59 
42 ij r 

5? V 


38 sff 1 2 
57 4 
4 45 

13 40 
34 an 
42 8 

4a 41 

s« 33 


I 'iN 16 

iW 43,9 
S J »4 

*s ** ss’9 

j5< *3 4« 3 


;°>b 0,235 
'St J .357 


raf 

33*^9 

— 

+ 1 ( 

l 3* 

I/ 5 * 

58 

13 

+13 

V 

^*lo6 

4* 

3 

+13 

44 

I0 S 

52 

29 

+ !-J 

►97 

109 

*5 

57 

±3 



2.32 18 14 
232 44 54 

»33 4 ai 

*33 *9 S 
*34 3? 44 


S *35 
4f *35 
41 *3S 
?Ak a 3Si 


r S 3* 
J 7 34 
20 21 
31 g 1 


iTNiNL U\t 


I *5 a 4 54 7 3 j 567 |L 

15 26 17 g 

15 26 4byW^]y784 
1 5 *6 5</ 9»o 3 070 
J 5 a; X 29 8 3 

5*,9 MJT I 

> 30 59)0 3,359 V 

/S 3 8 I?, a 3,354 f ; 

15 3 2 S 6 ^ A934^ l 
15 38 -2^9 j^lr / ; 

r S 4 1 10)3 4^? : 

*5 4i 53r-S»K 1 

15 4* 4,6 3 57S,j 

J 5 43 *4,4 3,443 " 


108 56 2CjH-/<,85 
106 7'?n+K 1 82- 

”7>+f *4 4 * 

I0 Jr 4 3 1 ^ la ,6j 
I jp 7 25 -5 H 12 60 


I tzis 39 +i*,43 
1 3 12 +12,36 


4^ 

/ 2 3 6 
/f 2 336 
/ 7 *37 

4,5 *38 
4 *38 


8 338 

5 *38 
5 *38 


11 is m 

30 51 50,09 

59 11 5 ,8* 
40 17 54,01 

1* 4+ 49, * 6 
18 46 51,97 

18 55 5W 
38 17 5 4 ,*8 

46 47 53,36 


«s 46 m* 
IS 47 5^,7 
15 5° 41 I 

15 5* 50,9 
iS S 3 15,1 
J S S3 IS 7 
15 54 33 1 
I S SS 7,1 


108 58 55 -+i 3 >* 
105 ig 39 + 13,14 
104 59 19 +i*,<>S 
82 54 ; + 11 , qo 

”5 5 48 +11,6 


0 + iJ,4a^ 

•#*-+'%4i 

So +nx,36 
16 +n,3S 
47 +ii,-S 


+fi,o6 

45 +10 72' 


f 8 3X 

i\j 29 
z 2\49 

J12^. O 

IOO 46 

109 12 
log 12 

110 5 
VO 17 


43 +10,56 
S* +io,SJ 
4® *+ 10 53 

3 +10,43 

4 +10,39 
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AYER s CATALOGUE Op THE PRINCIPAL STARS 


in 1 4 

f the St > £ 


Right 
A conuo i 
id Degicoi 


Annual 

Vwiat 

+ 


A cen ion 
in T me 


Amu 1 
Va t 14 


No th polar Ai u 1 
D its co Precot 
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— 

1 1 Zc + 

, C2 ^ * j 

1 

N>itl | abr 

Di tmce 

P 

^ n uat 

X ircet 

>» 

Ntirnl 

(f 

Stufi 

f 

•uyl lUcp 4 . 
of tha 

S 

9 

■1 

kuci t 

Ai ei non 
in b greos © 

Am ml 

V'wnt 

+ 

R b ' t 

Ascen ion 

mTimo 


) U 8 

0 

M $ 

¥ 

DM * 

— 

B 

771 

7 a 
773 
7 **' 
773 

I ff SflglttSUll 
a e Sigittaui 
tv $agi torn 

T 

7 

i 

6 

ab6| 45 a j ' 
ab7i 0 40 
^87 aa -0 
87 33 49- 
3874 *5 a 7 

5^,48 

54 , 0 / 

5a 3a 

5 a 49 
51,63 

19 7 1 7 

19 18 a, 7 
»9 9 9,3 

J 9 9 35 3 

19 9 41,8 

3 43 * 

3,005 
3,488 
? 499 

3 44^ ■ 

3657 

3/643 

3 58 s 

3 4 r 3 
3,584 

105 5a 5a 

II 46 33 
108 13 3- 
108 40 40 
* IuJ 19 56 

=rfi 

-5,98 

-599 

— 6 03 

19 1- a, 
ig 12 466 
IQ I) 48,1 

19 14 13 $ 
19 14 51,9 

”4 S 3 SI 
114 21 zb 
112 zo 30 
105 30 v T 
iia 10 -<7 

— 6 a+ 
-6 7 
-6,3, 

-634 

- 6,43 

776 

777 

778 

779 

780 

1 x, bagittaiu 

3 x Sd^ttara 

s 

s 

7 

7?8 

2b8* 7 16 
ab8 U ^9 
288 7 2 

at$8 33 -3 
-88 4a 58 

5486 

5464 

53 n 
51,39 

53,70 

78 ‘ 

7JB2 

783 

7>>4 

781; 

q S*igittam 

7<8 

8 

i 

7 >> 

289 9 36 

289 12 S7 
289 23 55 
289 36 27 
289 42 -2 

5 J , 3 o 

55*83 

S 1 ^ 

S 3 55 
53,54 

i 9r }6 38,4 
19 16 51)8 

19 l 7 3£>7 
19 lb 25,8 
19 18 49,5 

3 , 4*0 

3 > 7 -* 

3 4*4 
3,570 
3,569 

105 30 47 

1 17 33 45 
105 46 36 
in 43 5a 
ui 43 5* 

-«.ss 

786 

■ $ 

789 

790 

1 h S'lgittmu 
a h Sagittun 

b 

5 

J 

8 

29O 28 1^ 
29° 48 59 
ago & 4+ 
391 > a 33 
• 391 1 ia 57- 

54,50 
54 , 8 a 
54 , 88 , 
5-, 57 
5*, 34 

19 21 52,8 
ig n *5i9 
19 »3 54 i 9 
19^24 10 a 

19 '*4 S 1 * 8 

3,633 

3655 

3,659 

3 S°S 
3,489 

“4 *7 44 

1 15 9 41 

115 19 49 

I0 ? »7 55 
108 40 53 

-7,01 

— 7 , 14 
-7,18 
-7,30 

— 7,-6 

n 

79 1 
79a 

793 

/94 

70 S 

,96 

/97 

79b 

799 

boo 

801 

802 

803 
Sol- 

" 8°S 

i e Sagittaiu 
0 bigittiru 

f SHgittnm 

a Aquik, 

4, SdgltUHl 
b SEpttam 
g Si t itWn 

a Sagittal u 

O 

8 

v 

>6,s 

6 

T 

8 

7,8 

« rr" 

J. 

5 

s 

s 

1 

agi 47 50- 
391 5a 15 
aga 10 14 
39a 37 35 
aga 53 30 

54**7 
54 6 
51,61 

5 i ,54 

51,30 

19 27 XI 3 
19 27 290 
19 28 40 9 
19 30 29,7 
ig 31 

3,6;8 

3,617 

3 , 44 i 

3 4j 6 

3 ^ao 

1 1 3 53 18 

113 S3 38 
, 106 45 30 
106 30 1 

105 56 31 

- 7,44 

- 7,47 

- 7,56 

-7,71 

-7 79 

393 3* 39 
393 54 13 

1 *94 3 

294 17 JA 

95 7 40 

152 bo 
S 3 as 
50,6c 
50,18 
+9 37 

19 ,4 6,6 

iy 35 36,9 
19 36 147 
tg u b,g 
19 40 31,1 

3 , 5-9 
3,548 
3,377 
3,345 
a, 891 

no 14 56 

III 27 26 

104 12 15 
102 49 31 
bi 40 36 

— 8,00 

— 8,12 
-8,17 
-8,34 
-8,51 

*95 44 J 4 
ago 0 38 
396 30 -6 
ag6 3 8 

-97 -5 5 1 

— ir 

55 , 16 
55,48 
SM 7 
5506 

J 55,59 

19 4a 569 
19 44. ~,S 

19 40 hi 
i 9 46 8,5 

19 49 43,4 

3,677 

3,699 

3 , 4 “ 

3,671 

3,706 

^16 jO 34 

117 4a 34 

106 1 ss 

n6 [j 

118 10 40 

-8,70 

-8,79 

=!$ 

-9,33 


m 

4 c ’ 

r 

rt 


r 


/■ 
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806 Sagxttaru 

807 


Sagittal 11 


Sagiltam 


817 Capncorm 

818 f Capncorm 

819 1 OrCapncoim 

820 2 a Capncorm 


3 *Capncorm| 
9 Capncorm 

f Capncorm 
$ Capncorm 


in D grecs 


*97 32 57 
297 49 13 

2 97 54 47 

5198 8 44 

298 22 26 


7 29 -6 44. 

8 2.99 1 1 

8 299 9 19 

7,8 299 15 32 
299 19 o 


299 33 38 

300 4 45 

300 IO J.t 

301 n 8 
301 29 38 





831 ( Capncorm 

83a 

83} „ 

834 1 Capncorm* 
83 j a Capncorm 


303 9 53 

303 22 34 

303 -3 *7 
303 30 1 

303 49 18 


304 13 1 

304 15 1 

304 15 6 

304 -7 16 
304 27 40 


8>9 30 S S iS 
8 305 9 13 

6 305 13 31 

7 305 37 16 

7,8 303 54 23 



20 20 21,0 3,593 

ao ao 36,9 3 409 

ao 20 54 1 3 070 

20 22 29 1 3,347 

ao 23 37J 3 404 


US 38 17 

107 18 
10a. 29 5j 
.104 a 4 47 
107 13 56 


n iS7* 
11,68 
■11,76 . 


* There appeal* to be a milhke of 10 in the polar diflance of this far it (hould probably be 109 1 5 r;f> 1 
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bnmb Name! 

of ^nd 1 leccs 

Stan of the Stan 
> 


8+1 5 

8+3 5 

8+3 ? 

t Capncomi o 
v Capncomi 6 


RigJ t Annual 

Atccnaion V anat 
m Degree + 


R ght 
Ac i on 
in Tine 



^07 10 51 
308 44 35 

308 33 57 

s °9 4 a 5 

309 37 x 


309 48 54 54*1° 

310 13 39 49 > 8 j 

310 19 41 48,65 

310 33 51 49,36 
310 43 44 51,16 



20 

28 

43*4 

20 

33 

3«»3 

20 

34 

15 8 

20 

36 

17 7 

20 

38 

28,1 


1 d 14 

I 2.Q 28 


I 20 28 
1 54 46 
a 15 5 5° 9+ 

a a 3 aq. 49>8o 


5 , Capncofbi 


20 

39 

xS6 

20 

40 

546 

20 

4 1 

187 

20 

4 i 

35 4 

20 

4* 

54 9 

20 

44 

16,9 

20 

- 4 S 

S 3 9 

20 

47 

39 > x 

-0 

49 

hi 

20 

49 

33j3 

20 

5 ° 

31 3 

20 

5 a 

a 6, a 

20 

54 

73 

20 

54 

49*3 

20 

56 

3°)7 

20 

57 

31 I 

-0 

58 

8j3 

2 7 

0 

4*5 

-I 

21 

1 

3 

5 6 4 

39 > 6 

21 

6 

9 iS 

21 

6 

30 7 

21 

7 

33j8 

21 

9 

4* 1 

-1 

30 

3*»3 


N th p lar Annual 

P ita ce V ©cm 


1 1 7 41 6 

103 58 51 

99 45 3o 
102 21 19 
108 42 24 


ll 7 4 55 ' 
lo6 49 39 - 

IOg 50 12 “ 

10b 20 4 - 

IO4 20 19 “ 


102 30 % I “ 

no 40 19 |- 
108 3 17 

us 49 55 r 

na 1 27 - 


in 23 8 - 

10a 12 37 
105 19 7 * 

U 3 3 54 " 
hi 30 40 - 


108 S 1 ia ' 

III 12 IO ■ 

107 3 1 ' 

III 41 4 D 1 

107 43 1 ' 
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Namw 
nnd 1 L ico 
of tl e Slats 


R ght Annual 

^icon ioi V lMt 
in D pToo -j- 


379 £ Capncorni c 

3 80 G Capncorni o 


881 

882 

883 

884 

885 0 Aquaru 


D 

M 


318 

I 

23 

318 

3 

31 

318 

10 

28 

3 lb 

39 

5 " 

319 

10 

S' 

319 

12 

39 

319 

32 

46 

319 

47 

ib 

319 

54 

11 

320 

_7_ 

28 

320 

30 

4 + 

^20 

45 

35 

320 

46 

41 

3 *i 

*9 

37 

321 

38 

0 

32 a 

6 

30 

322 

3 i 

47 

3 *$ 

43 

3 & 

32 - 

5 1 

5 a 

3-3 

a 7 

0 


R*rUt 
Ascoi 101 
in Tinto 


- 1 12 S»s 3>4S9 

ar ia 14,1 3>424 

2,1 12 41,9 3 ) 2 b 6 
ai M 39>S 3 1 4+8 

-1 16 43,4. 3 >43 3 

ai 16 50,6 3 361 
31 18 11, 1 3 385 

121 ig 9,3 3,303 

19 36>7 3>?84 

1 31 30 99 3,165 


North 1 c 1 1 An 111 il 
Disl tnte 1 i&c s 


I n 3 s 1 -1490 

in 41 53 —14,91 
101 46 7 -14,94 

U 3 ib 1 -#<,RS 

II 4^ $( — nJ 5 17 

10 ?8 a 15 ib 

no 3 8—1525 


10 ?8 a 15 ib 

no 3 8—1525 

105 11 57 -1531 
no b 50 —15,3*1 
96 39 5 -i ?> 39 
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MAYER s 


CATALOGUE OF THE PRINCIPAL STARS 


Uames 
ft "Plicei 


R ri,UM g in Degrees 
of the Stata^ * 


Right AnDU 1 

Aacene on Van at 
n DetErooa + 


Rieht 
Ascension 
n Ti no 


Am i'll 
Var^t 
+ 


c Aquaui 
$ Aqaain 
? Aqinrn 
y Aquaru 


6 3-9 5° 49 48 »7 

7,8 33° 3- 5® 4®,-9 

4 331 *6 8 47,5* 

7 33i- 6 43 47,7- 
5,6 33a 17 10 47, 1 7 

3 332 4a 8 46,4* 

6 333 *6 37 4° 95 

7 3W *6 a 3 1 46,37 

7,8 333 5- S 6 47 94 

41 334 30 17 40, <o 


21 S9 a 3,a 3> a *8 

22 a n, 9 3,-*9 

aa 5 44,5 3 *°7 
22 5 46 8 3 181 

-2987 3 163 

a- 10 48 5 3,°94 I 

1 22 13 65, 3**3° 

22 13 45, $ 1 3,°9* 
22 15 31 7 I 3» l 96 
— 18 1, 1 3,0/9 


Noill pollr Ai lull 

Distil ca P coi 


162 3< -o 
10a 57 19 

98 49 *5 
100 4 4 

98 5- 4 

9a a6 ai 

95 S3 *9 
9a 14 40 
10- 17 16 
9 T S J 3 
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MAYERs CATALOGUE OF THE PRINCIPAL STARS ~ 


Numl 

of 

Star 

Niraoa 

aid Ih M 

of tllO Still , 
r 

z 

<0 

B 

R- 

Right 

A cei non 

in Degrees 

Annual 

Varnt 

+ 

Right 

Ascension 
in Time 1 

Annual 

Virut 

+ 

r 

North pjlar 

D ita e ^ 

4 

Annu l 

Preces - 




PM* 

$ 

f M 1 


h tr 


946 

947 

948 

949 

950 

3 h Aqiwru 

4 h Aquaru 
a Pifcium 

7 

I 

343 44 10 

344 4 9 
344 ®8 56 

344 39 5 a 
344 57 8 

46 92 
46,88 

45 9 o 

ax 

22 S 4 56,7 

22 56 ib 6 

3a 57 55,7 
aa S 8 39,5 

aa 59 48, s 

3 128 

3 ias 
3,06a 
3,062 

3 , m 

99 3 S 7 

gb 50 12 
09 O 44 
fcb 59 28 
97 5 46 

■ *. 

- 19,24 
— 19,28 
-19,32 

-^43 

-19,36 

■ 

<p AquaiU 

1 ^ Aqinrn 

X Aquuu 

7 Pifcium 
a nV Aquani 

5 

1 

4 

5 

345 S 1 4 i 

346 1 3 6 

346 »9 »9 
346 33 59 
346 44 48 

46,64 

46,88 

46,7s 

SSI 

23 3 a6,7 

a 3 4 S*,* 

a 3 5 57,9 

z 3 6 15 9 

a 3 6 S9»a 

[W* XI 

97 10 29 
100 13 37 

98 sa 3 
87 Si 4o 

IOO I9 28 

-19,44 

-19,47 

-19,49 

-19,50 

- I 9 r 5 * 

9$6 

118 

959 

960 

3 J' Aquani 
b Pifuum 

1 a Pifcium 

>.7 

7.8 

S 

347 0 3° 

347 H 47 

348 11 30 

348 13 ? 

349 a 39 

46,88 

$3 

46,71 

40,0 I 

33 8 2,0 

a 3 9 39,i 
23 12 46,0 
23 12 s a »S 
23 >6 10 6 

;• W X-ffl 

i Y* 

; WVM 

100 45 13 
85 45 36 
90 si ag 
r 99 36 ag 
89 S3 14 

-19,53 

-19,56 

-19,6a 
-19,6a 
— 19,68 

961 

96a 

963 

964 

9 6 5 

a * Pifuum 

8 Pifcium 

6,7 

1 

?’ 8 

349 7 *1 

349 20 a 

1 349 4® 14 

349 5° 10 

350 10 8 

46,09 

,45,68 

46,16 

46,20 

46,33 1 

a 3 16 30,1 
23 17 20,1 
23 18 48,9 
23 19 20,7 
23 20 40,5 

3,068 

3,045 

3,077 

3,080 

3,089 

go 1 28 
84 46 1 6 
9a 11 18 
ga 56 33 
95 13 46 

-19,69 

-19,70 

-19,7a 

-19,73 

-19,75 

966 

$ 

965 

970 



350 17 52 

35° 5° a 3 
l 351 10 34 
3JI 11 aa 
' 35 1 a S 19 

46,15 

& 

46,01 

45,97 

23 21 II, s 
23 23 ai,s 
23 24 42,3 
23 24 4S4 

23 25 41,3 

3,077 

h °77 

3,099 

3,067 

3,065 

92 14 32 

r 92 24 I4 

§8 37 2 b 

89 5° 35 
89 3 37 

-19,76 

-^19,79 
-19,81 
-19,81 
— 19,82, 

97 1 

97a 

973 

974 

975 

Pifcium 
h Pifcium 

! 

1 

fr 

35a 17 15 
35a 5° J S 

353 31 43 
7 3S3 55 11 
7 354 0 jo 

45,8 i 
45*99 
45,78 
45, 93 
46,49 

a 3 ag 9,0" 
23 31 aj 0 
23 34 6,9 

a 3 35 40,7 
23 36 27,3 

£8 

3,o|a 

3,o6a 

3,099 

85 30 if 
89 22 18 
83 58 14 
87 40 33 
103 4 11 

- 19,86 
-!9,8g 
- 19,92 
-!9,94 
-i9,94 

f 1 

|||l|^Vr r f 

\ : 

! 


6, 

7 

6 ? 

6 

7 354 i7 14 
354 26 18 
354 31 ao 
7 3S4 40 49 
354 5i 3 

45,98 

46,28 

45 99 
46,02 

46,37 

a 3 37 8,9 

a 3 37 45, a 
a 3 38 5,3 

■ a 3 38 43, a 
23 39 24,2 
* 

3065 

3,085 

3,066 

3,068 

3,091 

88 48 21 

n 1 1 $ 

. „ 9 ° f 16 
ioi 8 31 
r 

, r *9,95 
t- 19,95 
-19,96 
-19,96 
-19,97 


* 
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ft 

<* MAYER’s CATALOGUE OF THE PRINCIPAL STARS 


Nurab 

of 

Snn 

1 

Name* 
fto £ Place* 
of the Sfira 

ft 

X 

a. 

P-* 

Rigl t 

Aicoi 10a 

in Degieei * 

Anni al 

Vanat 

+ 

Riglt 

Aicemioa 

in Time 

Annual 

V'irnt 

-P 

Noith polar 

DuL'inco 

Am u^il 

Precoi 

tv 

a 

M 

1 

dm* 

r* • 

981 

98a 

9*>3 

9 °S 

Pifcium 

v Pifcium 

7 , 

6 7 
6,7 
S 

355 3 ® 1- 

350 0 40 

356 5 55 

3 5 6 59 1 

3 5 7 » 5 

46 14 
46,0c 

45 8» 
40 ia 

4 S» 9 a 

33 43 8,8 

33 44 a , 7 

*3 44 » 3,7 
33 47 56,1 

33 48 3 a 3 

3,076 

3,070 

3,059 

3,075 

3,061 

94 *9 9 

01 3 »7 

84 5 40 

94 43 8 

84 17 5 ° 

-19799 
— 20,00 
— 20,00 
— 20,02 
— 20,02 

986 

$ 

989 

OQ° 

Pifcium 

% c Pifcium 
Pifaum 

S 

s 

5,6 

3 S 7 46 S 
3 S 7 47 55 
357 49 16 

357 S o 4 $ 

358 38 S° 

46,12 
46,ia 
46 °7 

4 4?1 

33 $1 - 4,3 

33 S r xl s 7 

33 51 171 

33 51 46,9 
a 3 54 35,7 

3,075 

3,075 

3,07 

94 11 4 ° 
97 10 44 
93 56 * 

83 40 47 
96 S3 ss 

— 20,03 
—20,03 
— 20,03 
— 20,03 
— 20,04 

99* 

09 * 

a Andromeda 

a 

6 

t 

359 33 no 
359 47 39 

45 , 9 1 
46, on 

»3 57 33,3 
33 59 10,6 

3,061 

3,068 

6s 4 1 

93 43 39 

—30,04 

-30,05 

M**«n hid no unfit mftrument to take the light afrinfion of the fen. but took them with die 
telefcope of his quadrant He fettled the places of frveial of the Lnght ftars which were yillble 
m 1 day time by companfon with the fun in the fame parallel But this could only be applied 
to thpfe L whofe dechnationB were let thin 18 as the fun . motion in declination would other 
wife be too fmaJl He compofed his folar Tables by the help of thefe bright ftars and by com 
panntf the tnnftts of the find ftars with thofe of the fun when it s decimation was between 18 and 
oT *ikin the fun s right afccnfion anfwering to the longitude computed by hia folar 'Thlca he 
found terrors of the plane of his quadrant at thofe altitudes and then by obfermg the zodiacal 
Hare witlup thofe limits he filled up hia catalogue 
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A 

ABERRATION of the fixed flats 503 
■“ the theory of it fiomc 5°4 S aI 111 
planets 526 to 53a 

M11 meal nfing ind fetting of a flai wliat it 
is 57 how found 7®® 
jtl macantci what aa 

Altitude on what cucle meafuied 14 euoi of 
given to find the eu or in tame 93 
Amphifcn 778 

Angle between two great circles how meafuied 
12 of pyfition 126 

Anomaly what His 65 mean how found 222 
tiut how fojpd ^aa 223 227 aaB 

cxcciituc what it is and hpw found 221 
Antact 779 
Antipodes 779 

Aphelion* what it is *60 hpw to find it 250 
aeja 254 258 260 

Apogee what 6a of the moon it s mean 
motion 347 902 1^188 of the caith 250 

271 t 

Apf* what it is 64 duhnte between the aj> 

Tides how found 83a 833 
Asm piopoitionol to the times, 805 accele 
rated and retarded 809 
, figment its meaning Jo 


Afienfion light 3$ oblique, 36 their diffo 
rence called aJUqfional 37 light of any 
body how to find it n8 tight of* a flar 
how firft to find it 119 iao pmfUcal method 
of finding the light afeenflons of the othei 
ftar^) iar 122 light how to find it fiom the 
latitude and longitude, 124 vaiiation of it> 

Afcn 778 

Afironomy the hiftory of Chap XLI 
AthaBton of two fphetes to each other 838 
they revolve about their center of giavity 
840 to 844 law of 838 
Axis of the caith 14 
Awmuth what it is 29 

c 

CATALOGUE of fixed ilais 723 
Ctt cle a great one 2 a finall one 2 axis of a 
great one 3 it s poles 3 of declination 19 
veitieal 24 ar£hc and antm&ic 44 of pet 
petual apparition 78 of curvature 810 how 
the force and velocity vrny in circles 819 
Cclw es eqvnno&i il and folilitial, 4 3 
Comets what they me 72 to determine their 

orbits &c 639 to 697 

a d 2 Commutation^ 


/ % 


1 


INDEX 


580 

Commutation angle of what it is tp 
Conjvnftton what it is 46 of an inferior planet 
when it happens 238 

Confiellation what it is 74 then number 721 
Cojbical nfing and fettmg of a fhi what it is 
57 how found 788 
Cm tats diftance what it is g 9 
Cycle what it is 758 of the fun how found 
758 of the moon hcfV fqynd 759 


D 


DATS why they yiry m length 81 
Declwatm r circles of 19 parallels of ao what 
it is 38 how to find it 113 tofinditfiom 
the latitude and longitude 134 vointion of 
it 1046 

Detifttics of the phneta 1060 Sen 
Dial fhadow of it s gnomon when paiallel to the 
earth’s axw never goes backward 99 an ho 
nzontal one how conihn&ed 11- a ratical 
fouth one 1 13 how to fiv each 114 126 
Digit what it is 70 
Domnical Letters what 798 


E 

EARTH it sfpheiital figure how difcoveAd 84 
how a degree on it a furface is meafured 84 
it a figure found. horny ponllaxes i6a 
it revolver about an mas ao9 it s tiopucal 
lcvolution 146 it 8 fidereal revolution 149 
it e anomalifhc i evolution 1 50 great efi equa 
tionof its orbit *49, place of it s apogee 
ago excentncity of it s 01 bit agi motion 
of its apogee 471 figure of from 965 to 
1003 dimenflons 1009 to 1013 denfity and 
quantity of matter 1067 light and heat 1079 
Eafler S unlay how found 804 
Mchpft projection for the conflruihon of folar 
eclipfes 533 to 54a of the moon howcaofed 
543, how calculated 544 to 353 it s limit 
55a how conlhu&ed 536 of the fun its 
caufe $*[7 u’a limit ij6o how calculated 
g6a to 57a to find the point of the fan 
Jirft and laft touched by the moon 573 to ion 
foudon cclipfe of the fun 5 7 j to 578 how 
Calculated from the projection, 579 mfle&ion 


of the lays at the moon 480 487 to trace 
out the path of the phafea upon the fuifice of 
the earth 381 to 58 \. phenomena «f a total 
echpfe 585 to find the- difhnces of the ceil 
teis of the fun and moon at the time of 01^ 
eclipfe 586 number of eclipfes which lmy 
happen in a year *588 moie folai than lunar 
eclipfes 589 

Echpttc what it is 30 obliquity 3 1 4 

Obliquity how firtmd i$r it a difplicement 
1074 variation of ifre obliquity 1090 

El ngatiofl what it u 48 

Epafi how found 800 

Equations what they aie 69 of equal altitudes 
107 of the moon a orbit Chap XXXII 

Equation of the Center what it is 65 ho* found 
223 when gieateft 230 to fintl the gteateffr 
equation of the centei 249 354 258 260 

Equation of Tim what it is 36 129 how to 
compute 13 1 132 

Equator terreftna] 15 celeftial 18 its obli 
quity how found 86 

Equinoiiud Points or Equinoxes what 3 1 to find 
when the fun comes to them 143 pieceffion 
of from obfemtion 1 47 pr geffion of from 
what caufe 859 theoiy of the pieceffion 
1014 &c their motion from the atttafhon of 
the planets 1086 

Excentncity of an orbit how found Horn tJhft 
greateft equation 231 249 254 258 260 


F 

FORCE in ^ curve whit it is j)rcfj 5 ortional to 
808 8 [i how it varies in a conic fefhon to 
the focus 813 centrifugal ^hovy it vanes 
827 ablatitums and ^ddiutious 8 {.5 their 

o . ntL j.n . 1 t* . . 


gewenleffafta 845 to 861 
moon 864 


G 


difturbuv of the 


GEORGIAN plancT r* s relative diffcance from 
♦“the fun 299 it s tropical and Wereal i evoTuti 
ons, and fecnloi motion 247 an account of lrt 
difcaveiy and a determination of the element! 
of its orbit CflAP XVI denfity and quan 
tity of matter 1067 light and heat 1069 • 


IND 

hies, te^elhial ind celefbal theu ufo, 766 to 
790 

ol itiyNumbei how found 799 
t awity Ivbpler s idea of it ^2*0 

H 

r LA T it g variation at diffident feafbns and in 
diffieifent dm^ales 81 

tltacal nfing and fettrng of a ftar what it is 
58 how found 78^ 

emifpheic northern andfouthem> 15 eaffccm 
and weftem a 7 
Itnof n 778 

i 7t t%on fenfiblc and rational 2 1 
our ilngtt K what it 1 88 how Leduced into 

folor tune 88 how found 89 91^ 92 re 
duced moie accurately into folor tune 100 
howl educed foi a fixed ftm or placet 10 x 
how found when any body nfw 10a 

r 

NDICTION what It 18 801 
Vnpolation the dodtrine^f Chap XL 
r uptitr it b mean motion found 240 it s fe 
culoi equation 247 it 8 tropical and fideieal 
rc\ olutiom. and foculor motion -47 greateft 
equation cxcentnuty and place of^he aphe 
lion of it b 01 bit 253 motion of it b aphelion 
373 phee of it s node 283 inclination of 
it i» orbit 286 motion of it 3 nodes 288 
time oFitb lotation it e figrne 98^ 

denfity and quantity of matter 1067 light 
and heat 1^69 motion of s nodes change 
of inclinattau 1079 

K 

UPLLR his difcoveuesin Afbonomy Chap 
IX his pioblem 221 

- . L * 

LA TITUDE on the earth 16 of an heavenly 

body 40 of a place how fband 85 of a 
fhi how found fiom the light afeenfion aAd 
declination t 4, it a variation 1093 


IX 5^ X 

Longitude on the eai th a fui facer 1 / of an hea 
venly body 39 how found from the light 
afoenfion and declination 324 of places 011 
the earth s furfacc how found 73$ to 765 
of a ftm it s miation 1094 

U 

MAPS the oitfiographic ptojeftion of 123 
the fleieogiaphic piojeflfan of 1234 the 
globuLu pioje&ion of 1239 ManaaToiiB 
projQ&on of 1^4° 

Mars it s mean motion found 240 it b tiopical 
and fideieal 1 evolutions and feculat motion 
fl 47 pi ice of it a aphelion excentncity and 
greateft equation of its 01 bit 256 motion 
of it a aphelion 274 place of it s node 283 
inclination of it 0 01 bit 286 motion of it 
node 288 time of it s lotauon 403 quail 
ttty of mattei and denfity 1067 light and 
heat 1069 motion of U s nodes and change 
of inclination 1079 

Mean place of a body 68 motions of the ph 
nets how found 239 

Mercury, it f a mean motion 243 its tropical 
and fideieal revolutions and fecnial motion 
247 place of the aphelion excentncity md 
gieafefi equation of it s mbit 256 *59 

pp*ce of the aphelion detei mined 262 mo 
tion of ihe aphelion 276 place of it s node 
*83 inclination of Us Dibit 286, motion 
of it s nodes 288 wlenbughteft 3-0 how 
to compute it a ti infit ova the fun a difc C11 
tp find the place of the node from it s truifit 
63 diffetened of meudnns found fiom the 
tiaafit 631 denfity md quantity of mittei 
1067 light and heat 1069 motion of its 
nodes change of inclination 1097 

Meridian on die caith 16 cilcflial 25 when 
any body comes to it 105 107 how to diaw 
a mciidun line 115 

Mtdfowoeu wlnt : 06 its right afeenfion 

106 

Mwn the time of it s nfing* how found 103 
to find the time when it pifles the meiidnn 
io£ it b ught afeenfion found fiom obfavft 
turn 122 it s declination found from obfei 
v&tion 1-3 it a latitude and longitude cqm 
puted fiom it s right afeenfion and declination 

124 


IKDfiX 


v 



j8z 

I2 4 its parallax how found 157 its pa 
nllix in latitude and longitude computed 
164 its hoiaiy patallix 168 1 't diihnce 

170 its magnitude complied with that of 
the eaitli 171 why it appears of in ovil foim 
ntn the hon/on 207 to find it s nodes jay 
3 8 339 motion of it s nodes 330 inch 
nUion of its oibit 33- its mein motion 
333 its fecuhi motioir 3^7 hdered ind 
lynothc revolutions 339 equation of its 
01 bit 34 ° pJud" of it s apogee 341 346 
niton motion of it apogee 347 equation 
of it s 01 bit ind evtdhon 349 « s vauatlOn 
3 S 1 its annual equation 3?- irregulauty 
of the motion of the nodes and inclination of 
the 01 bit how lepiefented 354 equation of 
latitude how found 333 elements of the 
theoiy of the moon loom obfuvation 353 
acccluaUon of the moon 356 dnttetei of 
the moon how meafuicd 360 umt of paf 
ling the meudiin 360 the meafiue of it s 
diunetci 361 it s pliafes 364 itslibntion 
365 tuno of jotation 368 nodes of it s 
equitoi 369 altitude of its mountains 
373 its twilight 377 phamomcna of the 
lmvtfl moon 37B hoiwontal moon 38a 
to find the uiclinition of it s axis and nodes 
of it's equatoi 396 to 399 diftuibiqg foices 
of 863 to 863 n s velocity in an orbit not 
cxcontuc 866 867 B80 radius veftSi of 
it > orbit 868 equation of it s centei 
868 to 873 eftett gF altenng its force or 
velocity by a (mall quantity, 874 to 879 
apfidesj, on what their motion depends, 877 
excentucity of it*s oibit on what the Voilatibn 
depends 878 alteiation of the figure of it s 
orbit and it a variation 880 to 890 annual 
equation 891 equation fiom the inclination 
of the oibit 893 alteration of the periodic 
time 894 mean motion of the apogee it s 
equttions vauation of excenti Icily andevec 
tion 896 to 910 equations depending on the 
place of the apogee 911 gia to coireft the 
equation of the centei 913 to coue£t the 
vauation 914 to 917 to corrcft the cvefUon 
918 to 9»o equations of longitude on the 
oibit 9*1 ( equations of parallax 914 943 
motion of the nodes 926 to 943 vauation 
61 inclination of the dibit 946 to 936, to 
reduce the Rioph s place to the ecliptic, 937 


equations to the longitude on tly ecliptic 
938 Uue place of the apogee 939 to 96a 
denfily and quantity of matter 1067 equation 
of it* oibit 1173 motion of its apoeee 
1188 • 6 

Motnn dneft or in confoquenba 33, lctiogiade^"" 

01 in antecedent!! *3 ical of the planets 
in what direftion 33 ippuent 33 diurnal • 
of die heavenly bodies 78 ^9 80 when 
peipendicular to thd hoiuon 93 hourly of ( 
planet in it s orbit 39 hourly in latitude 
aad longitude 234 


N 

% 

NADIR what it is *3 • 

Nodi afcending defeending line of the nodes 
Si 

Notiagc/imf Dcg> <s& whatitis 67 to find it 164 
Noen appaient 34 tiue or mean 33 
Nut atm of the eaiths ms 1047 &0 


P 

OCCXJLTATIbN of a foted flat by the moon 
ho# t6 compute it j)o to 601 
OppoJtU6n what it is 46 of \ phuct to find * 
when it happens, and it what pomt *136 


PARALLAX jhuiital and annual, 49 what it 
it is equal to 15 4 of th6 fun how found 
T 5 S * 5 ® the moOn or a^lonet how 
found 157 to t6i in latitude and longitude 
how /otiftd 164 166 167 of the moon 
168 for all latitudgB i6g in azimuth and 
altitude from the figuic of the earth 17a 
in altitude on the meridian 173 ^ 

P enact 779 • • 

Ptttfc 1 778 * 

Psjtgce whatitis 63^ 

Pa Mton what it 1a 611 • ** 

PlmAs primary and fecondaiy what they are 
71 'rtfbvb in elliptic oitnfc about the fun in * 
the focus 1 ij their relative mean diflancea 
from the fifn 417 the fqustfea of then pe * * 

nodit 





{ 




INDLX 


nodic bnvs *110 aa the tubes of their mean 
diftrihies nom the fun w i8 defcnbo about 
the fen tquil oicis m equal times 21 g 

equations of then centeis how found 222 
times of then evolutions and feculu motioha 
47 how to coneeft the dements of thou 
01 bits 263 *.6, then mlan longitudes found 
264 aphelnof theu oibUa ,-64 excentiicities 
of then oibits ^64 gieitefl equations 464 
\ointions of the grtnttft equations 
leluttion of then places to the ecliptic 268 
to reduce then places feui from the em th to 
tlien places fecn fiom tlie fun 278 to find 
thL pi ice of their node 79 to 282 to deter 
mint tht inch nation of then 01 bits 283 to 286 
niotiow of 4 theu nodes 288 then pofltions 
* when ft iturt oi y 313 times when Ihuonoi y 
314 thou difianct9 found fiom tlien pofitions 
when Rational) 315 when dued aid il 
tiograde 316 to ddincitc then ippe 11 hill 
31b time fiom conjmi&ion to conjundion 
321. then lotilions 400 to 406 densities 
quuituicl of jnattu dianieteis giavity on 
their finfices 106, light and heat 1069 
motions of that nodes and inclinations of 
thou oibits 1079 equations of theu mo lions 
Chap XXXVII 

Powts 1101th and fouth 26 coft and weft 28 
eudinal 28 equuiodiil 31 folflitial 42 

Pole fhi 1 8 

Poles of the cm th 14 ofitbequatoi J i4$ of 
the ccleflj 4 cquatoi 1 8 

Pofition angle of whallt is 5 j how to find it 
126 

PiojcSion oitHognpluc i»ii ftgicogiaphic 
1216 Mbrca?or \ 1226 

Q 

QU iDRATURL S wlml it is, 46 
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